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PREFACE 


“Science  Related  to  Life”  is  a  series  of  four  books 
written  to  supply  the  need  of  elementary  science 
teachers  for  textbooks  that  can  be  used  independently 
by  pupils.  Throughout  the  series  the  author  has  kept 
in  mind  the  aims  of  elementary  science,  as  recognized 
by  modern  courses  of  study,  namely  : 

1.  To  develop  in  pupils  an  interest  in  the  natural 
phenomena  about  them,  and  knowledge  and  apprecia¬ 
tion  of  the  practical  applications  of  science. 

2.  To  give  pupils  training  in  the  scientific  method. 

3.  To  lead  pupils  to  appreciate  the  order  and  beauty 
which  pervade  the  realm  of  nature. 

4.  To  show  that  science  is  a  potent  factor  in  human 
betterment,  since  it  affords  mankind  leisure  in  which 
to  enjoy  greater  comforts  and  cultural  advantages, 
by  giving  him  more  comforts  and  greater  leisure  for 
their  enjoyment,  and  for  cultural  development. 

Following  are  outstanding  features : 

1.  Each  book  is  divided  into  'problems,  or  “units.” 

2.  In  almost  every  case,  the  problem  begins  with 
an  interesting  approach,  often  in  story  form.  This 
arouses  the  curiosity  of  the  pupil  and  makes  him  eager 
to  solve  the  problem. 
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3.  Each  scientific  term  is  printed  in  italics,  indicat¬ 
ing  that  it  is  defined  in  the  glossary.  The  glossary 
may  also  serve  as  a  basis  for  a  special  fist  of  spelling 
words  in  science. 

4.  Even’  scientific  term  is  clearly  explained  in  the 
text  and  is  defined  at  least  twice ;  first  in  the  text  or 
in  the  form  of  a  footnote  on  the  page  where  it  appears, 
and  then  in  the  glossary. 

5.  The  demonstrations  are  so  simple  that  any  pupil 
can  perform  them  either  at  home  or  in  the  classroom 
with  a  minimum  amount  of  apparatus. 

6.  Each  problem  ends  with  a  simple  summary,  a 
set  of  questions,  and  suggestions  for  additional  de¬ 
monstrations  and  projects. 

7.  At  the  end  of  each  book  are  simple,  interesting 
biographical  sketches  of  scientists  mentioned  in  the 
text. 

8.  A  list  of  reference  books  and  suggestions  for  addi¬ 
tional  reading  is  appended. 
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People  who  live  in  great  cities  usually  change  their 
residences  many  times.  Each  time  it  is  necessary  to 
take  inventory  of  belongings  and  to  get  rid  of  things 
that  have  piled  up  because  of  the  collecting  habit  to 
which  most  people  are  slaves.  Often,  parting  with 
these  things  is  not  easy,  for  the  owners  grow  unreason¬ 
ably  fond  of  them. 

One  of  the  “  treasure-boxes  ”  that  always  comes  in 
for  an  overhauling  on  such  occasions  is  likely  to  con¬ 
tain  notebooks  written  during  school  days,  perhaps 
many  years  past.  How  lovingly  one  turns  the  musty 
pages !  What  work  had  been  put  into  the  science 
books !  What  pleasant  recollections  are  aroused  by 
those  elaborate  diagrams  and  the  carefully  shaded  or 
colored  sketches !  They  seem  crude  now,  as  does  the 
faulty  language  in  which  the  notes  are  written ;  yet 
one  loves  them  because  they  represent  sincere  effort : 
an  attempt  to  do  the  best  of  which  one  was  capable. 
Although  one  may  be  cramped  for  space  and  deter¬ 
mined  to  part  with  them,  these  notebooks  still  remain. 

What  practical  suggestions  can  be  given  you  in 
regard  to  your  science  notebook?  In  the  first  place, 
choose  a  book  that  appeals  to  you  —  one  in  which  you 
will  like  to  write.  It  need  not  be  expensive,  but  let  it 
be  attractive.  The  loose-leaf  form  is  superior  to  the 
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bound  form  because  one  can  add,  subtract,  or  substitute 
pages  without  spoiling  the  appearance  of  the  book  in 
any  way. 

Write  up  your  science  notes  at  home.  Every  real 
student  will  think  enough  of  science  to  wish  to  make  his 
notes  as  complete  and  attractive  as  possible.  In  the 
classroom  the  time  is  extremely  limited.  A  sheet  of 
paper  for  rough  notes,  and  a  simple  sketch  that  can  be 
redrawn  with  more  care  at  home,  are  all  that  the  time 
generally  permits.  At  home,  one  can  not  only  improve 
the  penmanship  and  draftsmanship,  but  there  is  an 
opportunity  to  add  original  notes  and  ideas  and  infor¬ 
mation  gathered  from  magazines  and  library  books. 
The  true  student  of  science  will  find  this  sort  of  home¬ 
work  a  pleasure. 

Throughout  the  textbook  you  will  find  demonstra¬ 
tions  which  you  are  required  to  do  either  alone  or  with 
the  help  of  your  teacher.  After  the  demonstration  has 
been  performed  you  should  write  an  account  of  it  in 
your  notebook. 

The  form  in  which  the  report  of  the  demonstration 
is  written  is  not  of  great  importance.  For  the  most 
part,  it  should  be  in  composition  form,  telling  in  your 
own  language  what  you  saw  in  the  classroom  and  what 
conclusions  you  reached  as  a  result  of  such  observa¬ 
tion.  It  is  a  good  idea,  occasionally,  to  arrange  the 
report  in  a  more  scientific  form,  carefully  tabulating 
your  observations  in  an  orderly  manner.  This  will  help 
you  to  cultivate  the  scientific  habit  of  orderliness  that 
should  be  one  of  the  purposes  of  studying  this  subject. 
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If  you  should  decide  to  write  your  report  in  scientific 
form,  the  following  arrangement  is  suggested : 

Problem.  Under  this  heading  write  the  question  that  is 
to  be  answered  by  the  demonstration. 

Apparatus.  Give  a  list  of  the  materials  needed  in  per¬ 
forming  the  demonstration. 

Procedure.  Under  this  heading  tell  in  your  own  way,  and 
as  briefly  as  possible,  how  the  demonstration  is  performed. 
Be  sure  to  include  every  important  step  in  the  work.  If 
you  are  performing  the  demonstration  yourself,  be  sure  to 
carry  out  all  the  steps  with  great  care  and  to  repeat  the 
demonstration  several  times,  if  necessary,  to  get  an  average 
that  is  reliable.  Make  diagrams  whenever  you  feel  they 
will  be  helpful. 

Observation.  During  the  demonstration  you  should 
watch  closely  and  you  should  note,  under  this  heading,  any¬ 
thing  in  connection  with  the  demonstration  that  you  con¬ 
sider  important,  especially  if  you  think  it  will  help  to  solve 
the  problem. 

Inference.  The  inference  is  what  you  learn  from  the 
demonstration.  If  the  inference  is  correct,  it  is  the  solu¬ 
tion  of  the  problem  which  the  demonstration  is  intended  to 
settle.  Usually  it  may  be  written  in  the  form  of  a  simple 
statement. 

Do  not  be  sparing  in  your  efforts.  Become  a  member 
of  the  S.  S.  N.  C.  (“the  Superior  Science  Notebook 
Club”) ;  not  only  will  you  get  real  pleasure  out  of 
your  work,  but  you  will,  in  time,  have  a  treasure  box 
of  notes  that  will  prove  a  delight  to  you  in  after  years  : 
a  product  of  your  own  hands,  that  you  will  love  and 
cherish. 
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In  ancient  Greece,  over  2500  years  ago,  there  lived 
a  wise  man,  Thales  by  name,  who  wrote  that  amber, 
when  rubbed,  has  the  power  to  attract  small  bits  of 
leaves,  tiny  feathers,  and  particles  of  dust.  Other 
wise  men,  who  came  several  centuries  after  Thales, 
observed  that  this  same  curious  property  of  amber  is 
also  found  in  pitch  and  in  certain  other  substances. 
Yet  none  of  these  men  suspected  that  this  behavior 
of  amber  and  pitch  had  any  connection  with  electricity. 

And  so,  for  many  centuries,  little  was  known  about 
this  strange  force  of  attraction  until  Dr.  William  Gil¬ 
bert,  Queen  Elizabeth’s  physician,  began  his  experi¬ 
ments  with  magnetism.  He  nibbed  amber,  jet,  and 
other  substances ;  he  studied  their  reactions  very 
closely ;  finally,  in  1600,  he  came  to  his  interesting 
conclusion.  This  attraction  was  not  magnetism,  he 
decided,  but  a  new  force,  requiring  a  new  name.  From 
the  Greek  word,  elektron,  which  means  amber,  he  called 
this  interesting  force  electricity. 

There  followed  a  series  of  experiments  by  scientists, 
who  watched  the  results  produced  as  they  rubbed 
various  substances  together.  The  force  effected  by 
this  friction  they  called  “  frictional  electricity.” 

Every  boy  and  girl  knows  the  famous  story  of 
Benjamin  Franklin’s  experiment  with  a  kite.  When 
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Franklin  proved,  by  this  experiment,  that  lightning  is 
electricity  of  the  same  kind  as  that  generated  by  rub¬ 
bing  a  piece  of  amber,  he  made  one  of  the  most  impor¬ 
tant  discoveries  in  science. 

For  steadily  increasing  advancement  in  the  field  of 
electricity,  the  nineteenth  century  is  outstanding  in 
its  list  of  scientists.  Elsewhere  in  this  book  the  stoiy 
is  told  of  how  Galvani  and  Volta’s  argument  over  a 
frog  led  to  Volta’s  discover}*  that  electricity  can  be 
made  to  flow  through  a  circuit.  This  discovery  gave 
scientists  much  to  think  about,  and  opened  up  a  vast 
field  for  further  important  findings;  Oersted  found 
that  a  charged  wire  creates  a  magnetic  field;  Ampere 
proved  that  a  charged  coil  of  wire  has  all  the  properties 
of  a  magnet;  Sturgeon  constructed  the  first  electro¬ 
magnet,  the  device  that  is  now  so  necessary  in  hundreds 
of  electrical  appliances;  Henry  made  electromagnets 
so  powerful  that  they  could  lift  hundreds  of  pounds 
of  iron ;  Faraday  discovered  the  principle  of  the  induc¬ 
tion  coil,  paving  the  way  for  the  invention  of  the  electric 
generator;  Morse  followed  with  the  invention  of  the 
telegraph ;  and  Bell,  with  that  of  the  telephone. 

When  you  read  Problem  XIV  of  this  book,  you  will 
learn  how  the  radio,  which  now  brings  so  much  pleasure 
to  people,  came  into  being;  and  you  will  see  that  it 
took  the  combined  efforts  of  Maxwell,  Hertz,  Marconi, 
Alexanderson,  De  Forest,  and  many  other  scientists  to 
produce  this  remarkable  instrument.  Other  geniuses, 
like  Edison,  have  made  use  of  the  discoveries  of  those 
who  came  before  them,  improving  upon  the  contribu- 
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tions  of  these  men,  and  perfecting  numerous  devices 
important  to  man.  Now,  indeed,  electricity  has  be¬ 
come  one  of  man’s  most  valuable  servants,  aiding  him 
in  his  work  and  delighting  him  in  his  leisure  hours. 

When  we  consider  the  value  of  the  electric  light ; 
the  luxury  of  numerous  electrical  heating  devices,  the 
worth  of  the  electric  car,  the  telegraph,  the  telephone, 
the  radio,  the  electric  generator,  the  motor,  and  the 
many  other  devices  that,  in  some  way,  employ  elec¬ 
tricity,  then  may  we  say,  with  truth  : 

“this  is  the  age  of  electricity.” 


Keystone  —  Underwood 

Nail  magnet  truck  cleaning  a  bridle  path. 


PROBLEM  I 

WHAT  ARE  THE  VALUES  OF  MAGNETISM? 

Magnets  are  bodies  that  attract  iron  and  steel. 

When  Charles  was  a  lad,  he  read  a  wonderful  adven¬ 
ture  story.  It  was  a  tale  of  antarctic  exploration, 
centered  around  a  remarkable  and  mysterious  mag¬ 
netic  mountain  situated  somewhere  in  the  icy  latitudes 
near  the  south  pole.  Ships  that  ventured  close  were 
torn  apart  by  the  pull  of  the  mountain  which  loosened 
the  bolts  and  left  the  helpless  vessels  to  their  fate.  By 
carefully  constructing  a  ship  that  contained  no  iron 
or  steel,  the  hero  of  the  story  managed  to  reach  this 

R.  SCI.  BK.  THREE  —  2  9 


10  WHAT  ARE  THE  VALUES  OF  MAGNETISM? 

forbidding  spot.  He  found  all  sorts  of  strange  trophies 
of  the  mountain’s  magnetic  power,  including  the  skele¬ 
tons  of  unfortunate  men  who,  with  guns  or  other 
metal  implements  in  their  hands,  had  been  pinned 
bodily  against  the  face  of  the  rock.  It  was  a  very 
fantastic  and  highly  improbable  tale,  but  it  created  in 
Charles  an  intense  interest  in  the  power  of  magnets, 
and  a  desire  to  know  more  about  them. 

Demonstration.  To  show  whether  an  object  is  a  magnet. 

Obtain  some  iron  filings  from  a  machine  shop.  Collect 


samples  of  various  ma¬ 
terials  to  be  tested  for 
magnetism :  a  bar  mag¬ 
net,  a  horseshoe  magnet, 
a  piece  of  lodestone,  and 


What  causes  the  ironmings  to  cling  to  the  end  pieces  Qf  woo^f  paper, 

glass,  and  stone.  Dip 
each  object  in  turn  into  the  iron  filings.  Which  objects 
attract  the  filings?  Which  do  not?  Which  are  magnets? 
Which  are  not  ?  How  can  we  tell  whether  or  not  an 
object  is  a  magnet  ? 

Demonstration.  To  show  that  only  a  few  substances  are 
attracted  by  magnets.  Obtain  small  samples  of  iron,  steel, 
wood,  glass,  paper,  tin,  sand,  and  as  many  other  materials 
as  you  wish.  Apply  a  magnet  to  these.  Which  are  attracted 
by  the  magnet  ?  What  may  you  conclude  ? 

You  discover  at  once  that  all  substances  are  not  attracted 
by  magnets.  Scientists  have  tested  every  known  substance 
and  find  that  iron,  steel,  nickel,  and  cobalt  are  the  only 
common  ones  that  can  be  attracted  by  magnets. 

Discovery  of  the  magnet.  The  origin  of  the  word 
magnet  is  interesting.  It  is  derived  from  Magnesia, 
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the  name  of  the  place  in  Asia  Minor,  where  the  mineral, 
magnetite,  is  found.  This  is  the  magnet  in  its  nat¬ 
ural  form.  The  better  known  name  for  this  mineral 
ore  is  lodestone. 

Many  stories  are  told  about  the  way  in  which  lode- 
stone  was  first  discovered.  One  is,  that  far  back  in 
ancient  China,  a  native  who  wore  shoes  containing 
iron  nails  was  astonished  one  day,  while  walking,  to 
feel  something  tugging  at  his  foot.  His  curiosity  was 
aroused  and  he  decided  to  investigate  the  matter.  He 
found  that  the  peculiar  phenomenon  was  due  to  a 
property  of  the  ore  over  which  he  had  been  walking. 

Whether  or  not  the  discovery  of  magnetic  ore  was 
made  in  this  way  is  difficult  to  learn ;  nor  is  the 
exact  manner  of  the  discovery  of  any  importance.  All 
that  we  need  know  is  that,  today,  the  magnet  is  highly 
important  to  man,  and  is  being  used  to  advantage  in 
a  great  many  ways.  It  has  by  no  means  reached  the 
limit  of  its  usefulness. 

Natural  and  artificial  magnets.  Lodestone  is  known 
as  a  natural  magnet  because  it  is  found  in  nature.  Its 
magnetic  property  was  known  to  the  Chinese  more 
than  four  thousand  years  ago  and  it  wras  used  by  these 
ancient  Chinese  to  aid  in  navigation,  just  as  we  use 
the  compass  today.  You  will  learn  later  just  how 
magnets  may  be  used  as  compasses. 

The  kind  of  magnet  with  which  you  are  probably 
most  familiar  is  the  horseshoe  magnet.  Horseshoe 
magnets  are  artificial  magnets  ;  that  is,  they  are  manu¬ 
factured  They  are  made  of  bars  of  steel  bent  into 
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horseshoe  shape.  The  horseshoe  is  then  rubbed  with 
a  piece  of  lodestone  or  an  electric  current  is  passed 
through  a  coil  of  wire  which  has  been  wound  around 
the  horseshoe.  Bar  magnets  are  not  bent  but  are 
merely  straight  bars  of  steel. 

Bar  magnets  and  horseshoe  magnets  will  retain 
their  magnetism  for  a  very  long  time.  They  are  there¬ 
fore  known,  also,  as  permanent  magnets.  Magnets  can 
be  made  which  will  attract  iron  for  only  a  short  time ; 
they  are  therefore  known  as  temporary  magnets.  One 
form  of  a  temporary  magnet  is  the  electromagnet.  Elec- 


Types  of  magnets.  Can  you  name  them? 


tromagnets,  which  will  be  fully  explained  later,  are  very 
important  and  have  many  uses. 

Demonstration.  To  show  that  magnets  may  be  made  by 
contact  or  induction.  Stroke  the  blade  of  a  knife,  a  long  nail, 
and  a  piece  of  wood  with  a  magnet.  It  is  best  to  stroke 
from  the  middle  of  the  object  toward  the  ends.  Test  each 
of  these  objects  by  dipping  it  into  iron  filings.  Have  you 
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succeeded  in  making  a  magnet  ?  Can  any  substance  be  made 
into  a  magnet  ?  Which  substances  make  good  magnets  ? 

Magnetize  a  great  many  nails  and  other  pieces  of  iron  or 
steel,  always  using  the  original  magnet  for  this  purpose. 


What  happens  to  the  knife-blade  when  it  is  stroked  with  a  magnet  ? 


Does  the  original  magnet  lose  any  of  its  strength?  What 
possibilities  for  magnetism  does  this  suggest  ? 

The  knife-blade,  brought  into  contact  with  a  magnet, 
became  a  permanent  magnet  because  it  was  made  of  steel. 
A  piece  of  iron  that  is  brought  into  contact  with  a  per¬ 
manent  magnet  becomes  temporarily  magnetized,  but  loses 
its  magnetism  as  soon  as  it  is  withdrawn  from  the  influence 
of  the  permanent  magnet.  While  it  is  in  the  magnetic  field, 
magnetism  is  said  to  be  induced  1  in  the  piece  of  iron,  mak¬ 
ing  it  a  temporary  magnet. 

Commercially,  temporary  magnets  are  far  more 
valuable  than  permanent  magnets,  as  you  wall  under¬ 
stand  W'hen  you  come  to  the  lesson  on  electromagnets, 
a  few  pages  farther  on.  A  simple  way  of  showing  what 
is  meant  by  inducing  magnetism  is  illustrated  in  the 
figure  on  page  14.  If  we  dip  an  ordinary  soft-iron 
nail  into  a  dish  full  of  iron  filings,  the  filings  will  not 
be  attracted  by  the  nail.  If,  while  one  end  of  the 
nail  is  held  in  the  filings,  a  magnet  is  brought  very 
close  to  the  other  end  of  the  nail,  some  of  the  filings  will 
cling  to  the  nail.  This  shows  that  magnetism  has 

1  From  the  Latin,  inducere,  “to  lead  in.” 
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been  induced  in  the  nail  while  it  is  in  the  magnetic 
field  of  the  magnet.  Remove  the  magnet  from  the 

vicinity  of  the  nail 
and  the  iron  filings 
will  at  once  drop 
off. 

While  soft  iron 
which  is  tempo¬ 
rarily  magnetized 
loses  its  magnetism  as  soon  as  it  is  removed  from  the 
magnetic  field,  hard  iron  and  steel  retain  some  of  the 
magnetism  for  some  time.  Machinists  are  often 
annoyed  by  the  fact  that  parts  of  machines  located 
near  magnets  become  magnetized.  Usually  the  result 
is  harmless,  but  sometimes  the  affected  part  must  be 
demagnetized.  Magnets  may  be  demagnetized  by 
heating. 

Delicate  mechanisms,  such  as  wratches,  may  become 
seriously  disarranged  by  induced  magnetism.  To  pro¬ 
tect  expensive  watches  against  magnetic  influence,  they 
are  sometimes  inclosed  in  iron  cases.  The  induced 
magnetism  flows  readily  through  the  iron  case  instead 
of  affecting  the  delicate  parts  of  the  watch. 

Demonstration.  To  show  that  magnetic  force  is  great¬ 
est  at  the  poles.  Dip  a  bar  magnet  and  a  horseshoe 
magnet  into  iron  filings.  Withdraw  the  magnets  and 
observe  how  the  iron  filings  cling.  Where  do  most  of  the 
filings  cling  ?  What  part  of  the  magnet  attracts  few,  if  any, 
filings?  In  what  part  of  a  magnet  is  the  magnetic  force 
strongest  ? 


Is  the  nail  a  magnet  here  ? 
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The  ends  of  a  magnet,  that  is,  the  points  at  which 
the  magnetic  force  is  greatest,  are  called  the  poles  of 
the  magnet.  Each  magnet  has 
two  poles ;  one  is  known  as  the 
north  pole  and  the  other  the  south 
pole.  The  reason  for  these  names 
will  be  explained  later.  Horse¬ 
shoe  magnets  are  so  made  that  the  poles  are  brought 
close  together,  thus  making  use  of  the  attractive  force 
of  both  poles  at  one  time.  In  this  respect,  horseshoe 
magnets  are  superior  to  bar  magnets. 

The  space  around  the  poles  of  a  magnet,  in  which 
the  magnetic  force  is  felt,  is  known  as  the  mag¬ 
netic  field.  A  very  small  piece  of  iron  filing,  if  free  to 
move  only  as  it  is  attracted  by  the  magnetic  force  of 

a  magnet,  will  move  toward 
the  magnet  in  a  curved 
path  known  as  the  line  of 
magnetic  force. 


Demonstration.  To  show  the  direction  in  which  mag¬ 
netic  force  works.  Place  a  sheet  of  writing-paper  over  a 
bar  magnet.  Be  sure  that  the  paper  is  level.  Sprinkle  fine 
iron  filings  on  the  paper  directly  over  the  magnet.  Tap  the 
paper  very  gently  to  distribute  the  filings  thinly  and  evenly. 
Do  the  filings  seem  to  form  a  pattern  ?  Study  the  direction 
of  the  lines  formed  by  the  filings.  Make  a  diagram  to 
illustrate  what  happens. 

Demonstration.  To  show  that  magnetic  lines  of  force 
will  pass  through  substances  placed  in  the  magnetic  field. 

Prepare  the  test  by  collecting  a  sheet  of  thin  paper,  thin 
cardboard,  a  thin  slab  of  wood,  a  pane  of  glass,  a  copper 
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Why  do  the  iron  filings  arrange  themselves  in  curved  lines  ? 


plate,  a  soft  iron  plate,  a  tumbler  half  full  of  water,  and  a 
steel  pen-point.  Place  the  pen-point  on  each  of  the  objects 

in  turn,  and  move  the  magnet 
about  under  the  object.  In 
the  case  of  the  tumbler  of 
water,  drop  the  pen-point  to 
the  bottom  of  the  tumbler 
and  bring  one  leg  of  the 
magnet  near  the  pen-point 
without  actually  touching  it. 

Does  the  magnet  attract 
the  pen-point  in  each  case? 
Does  the  kind  of  material 
through  which  the  magnetism 
passes  make  much  differ¬ 
ence?  Does  the  thickness  of 
the  substance  affect  the  re¬ 
sult?  Try  thicker  specimens  of  the  same  material  to  test 
this  thoroughly. 

What  conclusions  do  you  reach  as  a  result  of  this  experi¬ 
ment? 


Does  magnetism  work  through  water  ? 


UNLIKE  POLES  ATTRACT  EACH  OTHER 


17 


Are  these  poles  like  or  unlike  ?  How  do  you 
know  ? 


Unlike  poles  attract  each  other;  like  poles  repel. 

Dip  the  north  poles  of  two  bar  magnets  into  iron 
filings.  Bring  the 
poles  toward  each 
other.  How  do  the 
filings  behave  ?  Re¬ 
peat  the  test  with  a 
north  and  a  south  pole,  and  then  with  two  south  poles 
brought  toward  each  other.  Do  like  poles  repel  ?  Do 
unlike  poles  attract  ? 

State  the  law  which  seems  to  govern  the  attraction 
and  repulsion  of  magnetic  poles. 

N  n  When  a  magnet  is 

freely  suspended,  the 
same  pole  always 
points  approximately 
north  and  the  other 
pole,  approximately  south.  The  following  demonstra¬ 
tions  wall  prove  that  this  is  so. 


What  law  of  magnetism  does  this  illustrate  ? 


Demonstrations.  To  show  the  direction  in  which  a  freely 
suspended  magnet  will  point.  1.  Magnetize  a  long,  thin 
piece  of  steel,  such  as  a  knitting-needle.  Place  the  needle 
in  a  paper  saddle  and  suspend  it  by  a  fine  thread  so  that  it 
is  balanced.  When  it  comes  to  rest,  observe  the  position 
of  the  needle.  Does  it  point  north  and  south?  Mark  the 
north  end  of  the  needle  with  a  tiny  bit  of  paper.  Turn  the 
needle  sharply  from  its  position  and  again  wait  until  it  comes 
to  rest.  Note  that  it  takes  the  same  position  as  before. 
What  causes  the  needle  always  to  take  this  position  ? 

2.  Float  the  needle  on  a  cork  in  a  large  basin  of  water. 
A  bar  magnet  may  be  used  instead  of  the  knitting-needle. 
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Does  the  magnet  again  take  a  definite  direction?  Is  the 
direction  north  and  south?  What  attracts  and  holds  the 

magnet  always  in  this 
position  ? 

As  this  happens  no 
matter  where  and  how 

In  what  direction  will  the  floating  bar  magnet  often  the  experiment  is 

performed,  we  must 
conclude  that  the  earth  itself  is  the  cause  of  attrac¬ 
tion.  The  earth,  then,  is  a  great  magnet  with  a  north 
and  a  south  magnetic  pole ! 

The  earth’s  magnetic  poles.  The  names  of  two 
famous  explorers  are  connected  with  the  location  of 
the  earth’s  magnetic  poles.  In  1907  Roald  Amundsen 
located  the  north  magnetic  pole  at  latitude  75°  5'  N.1 
and  longitude  96°  47'  W.  Two  years  later  the  famous 
antarctic  explorer,  Sir  Ernest  Shackleton,  located  the 
south  magnetic  pole  at  latitude  72°  25'  S.  and  longi¬ 
tude  155°  16'  E.  Neither  of  these  points  corresponds 
with  the  location  of  the  geographic  north  or  south 
pole. 

The  mariner’s  compass.  If  the  discovery  of  magr 
netite  had  resulted  in  nothing  more  than  the  invention 
of  the  mariner’s  compass,  it  would  still  be  considered 
supremely  important  to  man.  This  clever  device 
makes  it  possible  for  man  to  travel  safely  over  strange 
lands  and  trackless  seas.  We  owe  discoveries  of  land 
in  a  large  measure  to  this  instrument,  and  even  today, 

1  Sir  James  Ross  discovered  the  approximate  location  of  the  mag¬ 
netic  north  pole  in  1831. 
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the  palatial  ocean  liners  whose  huge,  sturdy  frames 
defy  nature’s  most  dangerous  elements,  would  be  help¬ 
less  hulks  without  the  guidance  of  this  delicate  instru¬ 
ment.  The  compass,  like  a  silent,  trustworthy  friend, 
guides  the  traveler  through 
unknown  places  to  his  destina¬ 
tion. 

To  understand  the  compass, 
we  must  remember  that  the 
earth  is  a  huge  magnet  with 
its  north  and  south  poles  not 
far  from  the  earth’s  geographic 
poles.  The  magnetized  needle 
of  the  compass  is  attracted  by 
the  earth’s  magnetic  poles  and 
always  points  in  a  north-south 
direction.  The  compass  needle  is  mounted  on  a  disk 
which  is  divided,  generally,  into  thirty-twTo  parts  or 
“  points.”  By  keeping  the  disk  in  a  position  such 
that  the  north  point  is  always  under  the  north-seeking 
pole  of  the  magnet,  the  traveler  knows  exactly  in 
what  direction  he  is  traveling. 

Because  unlike  poles  attract,  the  end  of  the  compass 
needle  that  points  to  the  north  is  really  the  south 
pole  of  the  needle,  but  to  call  it  this  would  be  confusing. 
In  order  to  be  correct,  and  at  the  same  time  clear,  we 
therefore  call  this  end  of  the  compass  needle  the  “  north- 
seeking  ”  pole.  In  a  similar  manner  we  call  the  end  of 
the  compass  needle  that  points  toward  the  south,  the 
“  south-seeking  ”  pole. 


Can  you  name  the  eight  compass 
points  ? 
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Because  the  earth  is  a  huge  magnet  it  creates  a 
magnetic  field  that  surrounds  all  objects  on  its  surface. 
Steel  ships  are  thus  magnetized  by  the  earth  and 
would  strongly  affect  the  ship’s  compass  if  some  means 
were  not  provided  to  counteract  this  force.  This  is 
done  by  placing  the  compass  in  a  specially  designed 


The  binnacle.  For  what  is  it  used  ? 


stand  called  the  binnacle.  The  compass  disk  is 
mounted  in  the  binnacle  in  such  a  way  that  no  matter 
how  the  ship  may  rock,  the  compass  disk  remains 
always  level.  Two  soft-iron  spheres,  called  compass 
correctors,  are  placed  one  on  each  side  of  the  binnacle, 
to  neutralize  the  possible  effect  of  the  ship’s  magnetism. 

Although  it  is  said  that  the  Chinese  and  possibly 
others  knew  about  the  use  of  the  magnet  as  a  compass 
over  4000  years  ago,  the  earliest  description  of  it  was 
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written  in  1269  by  a  man  called  Petrus  Peregrinus 
de  Maricourt.  It  is  not  known  exactly  where  the 
compass  dial,  as  we  know  it,  originated. 

Early  in  the  sixteenth  century  it  was  discovered 
that  the  compass  needle  did  not  point  to  the  north 
pole  of  the  earth,  but  rather  to  the  earth’s  magnetic 
pole.  We  now  know  that  these  two  points  are  sepa¬ 
rated  by  about  1200  miles.  No  wonder  Columbus 
and  others  were  puzzled  by  the  strange  behavior  of 
the  compass !  They  expected  it  to  point  to  the  geo¬ 
graphic  north  pole,  and  of  course  it  did  not.  When, 
many  years  later,  in  1831,  Sir  James  Ross  discovered 
the  approximate  location  of  the  magnetic  north  pole, 
navigation  on  the  north  seas  became  more  nearly  an 
exact  science.  Later,  when  Shackleton  discovered  the 
magnetic  south  pole,  our  knowledge  of  the  behavior 
of  the  mariner’s  compass  was  complete. 

Summary 

Magnets  are  bodies  that  attract  iron  or  steel. 

Magnets  are  natural  or  artificial. 

Magnets  are  permanent  or  temporary. 

Magnets  may  be  made  by  contact  or  induction. 

The  magnetic  force  is  greatest  at  the  poles. 

The  earth  is  a  huge  magnet. 

How  Much  Have  You  Learned? 

Which  of  the  following  statements  are  true  and  which 
are  false  ? 

T.  F.  1.  Magnets  attract  all  metals. 

T.  F.  2.  Lodestone  is  a  natural  magnet. 
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T.  F. 

3. 

T.  F. 

4. 

T.  F. 
T.  F. 

5. 

6. 

T.  F. 

T.  F. 

7 . 

8. 

T.  F. 

9. 

T.  F. 

10. 

T.  F. 

11. 

T.  F. 

12. 

T.  F. 

13. 

T.  F. 

14. 

T.  F. 

15. 

Natural  magnets  are  stronger  than  artificial 
magnets. 

Bar  magnets  are  permanent  magnets. 

A  magnet  can  be  made  by  induction. 

Rubbing  a  piece  of  soft  iron  with  a  magnet  makes 
the  iron  a  permanent  magnet. 

The  strength  of  a  magnet  is  greatest  at  the 
poles. 

The  region  in  contact  with  a  magnet  is  known  as 
the  magnetic  field. 

Every  magnet  has  a  north  and  a  south  pole. 

The  earth’s  geographic  poles  are  the  same  as 
the  earth’s  magnetic  poles. 

Magnetic  force  may  pass  through  water. 

The  north  pole  of  a  magnet  always  attracts  the 
north  pole  of  another  magnet. 

The  compass  was  invented  by  Columbus. 

The  binnacle  is  an  instrument  used  by  mariners 
to  find  their  direction. 

A  magnetic  field  is  a  field  in  which  natural 
magnets  are  found. 


Can  You  Answer  These  Questions? 

1.  How  can  a  magnet  be  demagnetized? 

2.  Magnets  may  be  natural,  artificial,  temporary,  or 
permanent.  In  which  classes  does  each  of  the  following 
belong?  a.  A  magnet  made  of  steel,  b.  An  electromag¬ 
net.  c.  A  magnet  made  of  soft  iron.  d.  Lodestone.  e.  A 
horseshoe  magnet. 

3.  What  practical  use  may  be  made  of  the  knowledge 
that  magnets  may  attract  iron  and  steel  through  water  ? 

4.  In  a  magnetized  ring,  where  are  the  poles?  If  such  a 
ring  is  cut  in  two,  show  by  diagram  where  the  poles  would  be. 

5.  Explain  the  possible  use  of  magnets  on  a  scoreboard 
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such  as  is  used  to  reproduce  the  plays  in  a  “  World  Series  ” 
baseball  game. 

Supplementary  Demonstrations  and  Projects 

1.  Locate,  on  a  globe,  the  north  and  south  magnetic 
poles. 

2.  Learn  about  the  dipping  needle  and  its  use  in  naviga¬ 
tion. 

3.  Obtain  a  good  picture  of  a  binnacle  and  describe  it  to 
your  classmates. 

4.  Raise  a  submerged  toy  iron  boat  by  means  of  magnets. 

5.  Make  a  chart  to  show  all  the  kinds  of  magnets  about 
which  you  have  learned  or  read. 

6.  With  the  aid  of  a  compass,  locate  the  north  star. 

7.  Learn  about  the  earth-inductor  compass  and  its  use  in 
airplanes. 


Keystone  —  Underwood 

By  means  of  an  electric  current,  the  great  iron  plate  hanging  from  the  derrick  is  changed 
into  a  powerful  magnet. 


PROBLEM  II 

WHAT  IS  AN  ELECTROMAGNET? 

In  1819,  Hans  Christian  Oersted  discovered  that, 
when  an  electric  current  is  sent  through  a  coil  of  wire, 
a  magnetic  field  is  created  around  the  coil,  and  the  coil 
has  all  the  properties  of  a  magnet.  When  the  cur¬ 
rent  is  shut  off,  the  coil  at  once  loses  its  magnetism. 
Thus  we  have  the  temporary  magnet  that  is  known 
as  an  electromagnet.  The  far-reaching  importance  of 
Oersted’s  discovers"  can  never  be  overestimated.  Stur¬ 
geon  followed  Oersted’s  discovery  by  perfecting  the 
first  practical  electromagnet  in  1824.  Joseph  Henry, 
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by  constructing  an  apparatus  with  insulated  wires  and 
other  improvements,  succeeded  in  making  very  power¬ 
ful  electromagnets  that  could  lift  a  weight  of  tons. 
Today  this  device  forms  a  vital  part  of  the  telegraph, 
the  telephone,  the  dynamo,  the  motor,  the  electric 
bell,  and  other  valuable  electrical  appliances  too  nu¬ 
merous  to  mention. 

Not  the  least  interesting  thing  about  the  electro¬ 
magnet  is  its  ability  to  lift  heavy  weights.  In  some 
of  the  great  steel  mills  of  this  country,  tons  of  steel 
beams  are  lifted  from  their  resting  place  by  means  of 
huge  electromagnets,  swung  into  a  new  position  by 
giant  derricks,  and  dropped  into  place  by  merely 
switching  off  the  current ! 

The  marvelous  lifting  powders  of  the  electromagnet 
have  only  been  partially  used ;  its  possibilities  are 
endless.  Not  long  ago  a  very  unfortunate  submarine 
disaster  occurred.  The  ship  was  struck  as  it  was 
coming  to  the  surface  and  sank  in  100  feet  of  water. 
All  attempts  to  lift  it  in  time  to  save  the  crew  failed. 
Divers,  descending,  brought  proof  that  some  of  the 
crew  lived  for  several  days,  but  there  was  no  way  of 
rescuing  the  unfortunate  men.  The  day  may  come 
when  such  craft  can  be  quickly  and  accurately  located 
by  means  of  magnetic  finders,  and  then  lifted  to  the  sur¬ 
face  by  huge  electromagnets  dropped  over  the  ship. 

Demonstration.  To  show  how  an  electromagnet  may  be 
made.  Wind  a  long  insulated  copper  wire  many  times 
around  a  large  nail,  as  shown  in  the  illustration.  The  wire 
must  be  insulated,  that  is,  covered  with  silk  or  some  other 
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non-conductor  of  electricity.  Connect  the  ends  of  the  wire 
to  the  poles  of  an  electric  cell.  Dip  one  end  of  the  nail  into 
a  dish  of  iron  filings.  Do  the  filings  cling  to  the  nail?  Has 
the  nail  become  a  magnet?  Break  the  electric  current  by 
disconnecting  one  of  the  wires.  What  happens  to  the  filings  ? 


Has  the  nail  lost  its  magnetism?  Repeat  the  experiment 
frequently  and  observe  the  results.  How  can  a  temporary 
magnet  be  made? 

Demonstration.  To  show  that  the  strength  of  an  electro¬ 
magnet  depends  upon  the  strength  of  the  electric  current. 

Repeat  the  demonstration  just  described  and  note  the  quan¬ 
tity  of  iron  filings  which  the  magnet  can  hold.  Increase  the 
current  by  adding  another  electric  cell  and  again  note  the 
quantity  of  iron  filings  which  the  magnet  can  hold.  Carpet 
tacks  may  be  used  in  place  of  iron  filings.  Repeat  the  test, 
using  more  and  more  electric  cells.  What  do  you  observe? 
What  do  you  conclude? 

Demonstration.  To  show  that  the  strength  of  an  electro¬ 
magnet  depends  upon  the  number  of  turns  in  the  coil  of 
wire.  Wind  about  5  feet  of  the  wire  around  the  nail  and, 
using  one  electric  cell,  see  how  many  carpet  tacks  the  electro¬ 
magnet  can  hold.  Wind  about  10  feet  of  wire  around  the 
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nail  and  again  test  the  strength  of  the  electromagnet.  Does 
the  longer  wire  make  the  electromagnet  stronger?  How  do 
you  know? 

The  wire  is  insulated,  that  is,  separated  from  other 
conductors,  so  that  the  current  may  flow  through  all 
the  turns  of  the  coil. 

The  core  is  generally  made  of  soft  iron.  A  steel 
core  would  become  permanently  magnetized,  that  is, 
it  would  keep  its  magnetism  even  after  the  electric 
current  is  turned  off.  In  commercial  electromagnets, 
for  the  same  reason,  soft  iron  is  used  for  the  core  around 
which  the  insulated  ware  is  wound.  Steel  would  never 
do,  as  everything  depends  upon  the  ability  of  this 
device  to  become  a  magnet  the  instant  the  current  is 
turned  on,  and  to  lose  its  magnetism  the  instant  the 
current  is  turned  off.  Wood,  glass,  or  any  other  sub¬ 
stance  may  be  used  as  a  core,  but  the  magnet  produced 
by  any  of  these  materials  is  very  weak. 

An  electromagnet  behaves,  in  most  ways,  like  a 
bar  magnet.  The  magnetic  field  that  surrounds  it 
resembles,  in  every  way,  the  magnetic  field  of  a  bar 
magnet.  It  has  a  north  and  a  south  pole,  and  the 
magnetic  force  is  strongest  at  the  poles.  As  in  the 
case  of  bar  magnets,  like  poles  of  electromagnets  repel 
and  unlike  poles  attract. 

Demonstration.  To  show  that  electromagnets  behave 
like  bar  magnets.  1.  Wind  some  insulated  wire  around  a 
large  nail,  as  before,  and  connect  the  ends  of  the  wire  to 
the  poles  of  an  electric  cell.  Dip  the  nail  into  a  quantity  of 
iron  filings  and  then  withdraw  the  nail.  Note  the  distribu- 
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tion  of  the  filings.  In  what  way  does  this  resemble  the 
action  of  a  bar  magnet? 

2.  Bring  the  north  pole  of  a  bar  magnet  (the  end  marked 
N.)  near  the  filings  at  one  end  of  the  electromagnet.  Note 

how  the  filings  behave. 
Bring  the  same  pole  of 
the  bar  magnet  near  the 
filings  at  the  other  end  of 
the  electromagnet.  Ob¬ 
serve  what  happens. 
Repeat  the  test,  using  the 
south  end  of  the  bar  mag¬ 
net.  Observe,  in  each 
case,  what  happens  to  the 
filings.  Which  end  of  the 
electromagnet  is  the  north 
pole?  How  does  your  demonstration  show  that  the 
electromagnet  obeys  the  laws  of  attraction  and  repulsion 
of  magnetic  poles? 

3.  On  a  thin  piece  of  cardboard  held  directly  over  the 
electromagnet,  spray  some  fine  iron  filings.  Tap  the  card 


Why  do  the  iron  filings  cling  to  the  nail? 


gently  and  observe  the  pattern  which  is  formed  by  the  iron 
filings.  Is  there  a  magnetic  field  around  the  electromagnet? 
How  does  this  demonstration  prove  that  there  is  ? 
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From  the  three  demonstrations  just  performed,  what  may 
you  conclude  regarding  the  resemblance  of  electromagnets 
to  bar  magnets  ? 

The  electromagnet  can  be  used  more  advantageously 
for  some  purposes  than  the  bar  magnet.  The  electro¬ 
magnet  serves  more  purposes  than  the  bar  magnet 
because  its  magnet¬ 
ism  can  be  con¬ 
trolled  :  by  making 
and  breaking  the 
electric  circuit  we 
can  alternately  mag¬ 
netize  and  demag¬ 
netize  the  electro¬ 
magnet  ;  by  a  simple 
adjustment  we  can 
increase  or  decrease 

its  strength ;  by  Can  you  make  a  diagram  to  show  the  direction 
n .  which  the  iron  filings  will  take  ? 

changing  the  direc¬ 
tion  of  the  current  we  can  reverse  its  poles.  This 
control  is  so  desirable  that  it  serves  to  make  the 
electromagnet  a  far  more  useful  device  than  the  per¬ 
manent  bar  magnet. 

Demonstration.  To  show  that  the  poles  of  an  electro¬ 
magnet  may  be  reversed  by  changing  the  direction  of  the 
current  that  flows  through  the  coil.  Suspend  a  bar  magnet 
so  that  it  may  swing  freely.  Bring  the  north  pole  of  an 
electromagnet  near  the  south  pole  of  the  bar  magnet.  Note 
that  the  south  pole  of  the  bar  magnet  is  attracted  to  the 
north  pole  of  the  electromagnet.  Disconnect  the  wires  and 
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reattach  them,  interchanging  the  connections  of  the  electric 
cell.  Again  bring  the  same  end  of  the  electromagnet  near 
the  south  pole  of  the  bar  magnet.  What  happens?  What 
does  this  prove? 


Electromagnets  are  essential  parts  of  many  useful 
devices.  Electromagnets  are  important  parts  of  so 
many  devices  that  it  would  be  difficult  to  list  them  all. 
In  the  electric  bell,  an  electromagnet  pulls  and  releases 
an  iron  hammer  which  strikes  the  gong.  In  the  tele¬ 
graph  an  electromagnet  pulls 
and  releases  an  iron  strip  so  as 
to  produce  a  click.  In  the 
telephone  an  electromagnet 
pulls  and  releases  an  iron  disk 
so  as  to  cause  vibrations.  In 
the  electric  motor  one  electro¬ 
magnet  pushes  and  pulls 
another  electromagnet  so  as 
to  cause  rotation.  In  the  automobile  electromagnets 
are  used  in  the  self-starter  and  induction  coil.  In 
radio  sets  electromagnets  are  used  in  tuning. 

Can  you  add  other  devices  in  which  electromagnets 
are  used  ? 


What  kind  of  magnet  does  this 
illustrate  ? 


Demonstration.  To  find  electromagnets  in  various  elec¬ 
trical  devices.  Examine  a  hell,  a  telegraph  instrument,  an 
old  telephone  receiver  that  may  be  taken  apart,  and  a  motor. 
In  each  case  look  for  the  electromagnet.  It  usually  resembles 
a  double  spool  on  which  fine  insulated  wire  is  wound.  Can 
you  find  the  electromagnet  in  each  case?  Can  you  locate 
the  core  ? 


HOW  MUCH  HAVE  YOU  LEARNED? 
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Summary 

The  essential  parts  of  an  electromagnet  are  an  electric 
current,  an  insulated  wire  coil,  and  a  soft-iron  core. 

The  action  of  an  electromagnet  resembles  that  of  a  bar 
magnet. 

The  electromagnet  can  be  used  for  more  purposes  than  a 
bar  magnet. 

Electromagnets  are  essential  parts  of  many  useful  devices. 

How  Much  Have  You  Learned? 

Of  the  three  words  or  numbers,  in  parentheses,  in  each  of 
the  following  statements,  choose  the  one  that  correctly  com¬ 
pletes  the  statement. 

1.  The  first  practical  electromagnet  was  made  in  (1624, 
1724,  1824). 

2.  Wire  used  in  the  coil  of  an  electromagnet  must  be 
(copper,  insulated,  soft). 

3.  The  core  of  an  electromagnet  is  made  of  (iron,  copper, 
steel) . 

4.  The  strength  of  an  electromagnet  depends  on  the 
(length,  material,  thickness)  of  the  coil. 

5.  Steel  used  as  the  core  of  an  electromagnet  would 
become  a  (strong,  weak,  permanent)  magnet. 

6.  Like  poles  (repel,  attract,  resemble)  each  other. 

7.  Experiments  that  led  to  the  invention  of  the  electro¬ 
magnet  were  conducted  by  (Franklin,  Edison,  Oersted). 

8.  Electromagnets  are  (permanent,  temporary,  natural) 
magnets. 

Questions 

1.  Why  must  the  wire  of  an  electromagnet  coil  be  insu¬ 
lated  ? 

2.  How  may  wires  be  insulated  ? 
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3.  How  may  the  current  passing  through  an  electromag¬ 
net  coil  be  strengthened  ? 

4.  How  may  the  direction  of  the  current  passing  through 
the  coil  of  an  electromagnet  be  reversed  ? 

5.  How  can  you  show  that  a  magnetic  field  is  created  by 
an  electromagnet  ? 

6.  Mention  one  use  that  is  made  of  the  lifting  powers  of 
large  electromagnets. 

7.  What  work  does  the  electromagnet  in  an  electric  bell 
perform  ? 

8.  State  two  advantages  of  electromagnets  over  bar 
magnets. 

Supplementary  Demonstrations  and  Projects 

1.  Make  an  electromagnetic  fire  alarm. 

2.  Read  about  the  work  of  Joseph  Henry,  the  American 
scientist,  in  connection  with  electromagnets. 

3.  Find  out  how  railroads  make  use  of  huge  electro¬ 
magnets. 

4.  Write  a  composition  about  the  use  of  electromagnets 
in  common  electrical  household  devices. 


The  pony-express. 


©  Caufield  and  Shook 


PROBLEM  III 

HOW  DO  THE  ELECTRIC  TELEGRAPH  AND 
THE  ELECTRIC  BELL  WORK? 

The  development  of  communication.  The  history 
of  the  development  of  communication  is  one  of  the 
most  fascinating  chapters  in  the  story  of  man.  It 
begins  with  the  first  animal-like  sounds  of  the  prehis¬ 
toric  savage,  and  leads  to  the  present-day  achievements 
in  wireless  telephony  and  television.  The  early  peoples 
of  history  at  first  used  spoken  language  and  signs. 
Later  came  communication  by  log-tapping,  smoke 
signals,  and  other  simple  devices.  This  was  followed 
by  the  written  message  carried  by  runners,  and,  later, 
by  horse,  stage-coach,  and  train.  The  middle  ages 
saw  the  introduction  of  signaling  by  semaphore. 
When  the  telescope  was  invented,  semaphore  signaling 
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became  possible  over  great  distances.  Then  came 
Morse  and  the  telegraph,1  and  at  once  methods  of 
communication  were  revolutionized.  Messages  which 
formerly  were  sent  by  slow  methods,  and  often  with 
danger  to  the  bearer,  can  now  be  sent  great  distances 
almost  instantaneously  and  without  the  need  of  human 
messengers. 

The  telegraph  is  one  of  the  earliest  of  the  im¬ 
portant  applications  of  the  electromagnet.  The 
story  of  this  remarkable  invention  is  told  in  the 
life  of  Samuel  F.  B.  Morse,  at  the  end  of  the 
book.  Read  it  and  bring  a  report  to  the  classroom 
for  discussion. 

The  telegraph  consists  of  a  source  of  current,  a 
circuit,  a  sender,  and  a  sounder.  The  source  of 
current 2  may  be  an  electric  battery  (a  number  of  electric 
cells  connected)  or  a  generator.  The  generator  will  be 
discussed  in  detail  later.  For  the  present  it  is  suffi¬ 
cient  to  know  that  a  generator  is  a  machine  for 
changing  mechanical  energy  into  electrical  energy. 
Generators  are  so  named  because  they  generate,  that 
is,  produce  electric  current. 

The  circuit  is  a  path  through  which  the  current 
flows.  The  chief  part  of  the  pircuit  in  the  electric 
telegraph  is  the  wire.  In  order  to  have  an  electric 
current  the  circuit  must  be  complete;  that  is,  the 
current  must  go  from  the  source,  through  the  wires 

1  The  word  telegraph  comes  from  two  Greek  words  meaning  “far  off  ” 
and  “write.” 

2  Current  is  a  continuous  flow;  in  this  case,  a  flow  of  electricity. 
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and  other  parts  of  the  circuit,  and  back  to  the  source 
without  interruption. 

To  start  and  stop  the  flow  of  current  in  the  circuit, 
a  switch  is  provided.  You  may  think  of  the  switch  as 
if  it  were  a  drawbridge  over  a  stream.  When  the 
bridge  is  open,  traffic  across  the  bridge  stops ;  when 
the  bridge  is  closed,  traffic  again  proceeds.  The 
switch  operates  in  a  similar  manner.  When  it  is  open, 
there  is  a  gap  in  the 
circuit  and  the  current 
ceases  to  flow;  when  it 
is  closed,  the  circuit  is 
complete  and  the  current 
flows  without  interrup¬ 
tion.  In  the  telegraph, 

.  A  switch.  Is  the  circuit  open  or  closed  ? 

the  switch  is  known  as 

the  sender  because  the  operator  sends  messages  by 
opening  and  closing  the  switch. 

The  sounder  is  a  part  of  the  telegraph  which  uses 
the  flow  of  current  to  produce  sound  signals.  The 
demonstration  that  follows  will  show  just  how  the 
sounder  performs  its  duty. 

Demonstration.  To  show  how  the  telegraph  instrument 
works.  To  send  a  message,  the  metal  strip  is  pressed 
down,  closing  the  circuit  and  causing  the  current  to  flow 
through  the  wires  to  the  electromagnet.  Here  the  current 
enters  the  wire  of  the  coil.  This  causes  the  soft  iron  nails 
to  become  magnetized,  and  to  attract  the  tin  bar  to  the 
electromagnet.  As  the  bar  moves  downward  toward  the  yoke, 
it  strikes  the  projecting  nails  and  makes  a  clicking  sound. 
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So  long  as  we  keep  pressing  down  on  the  metal  strip,  the 
bar  will  remain  in  contact  with  the  nails.  The  moment  we 


Metal 


™  6  Crew 

■Board. 

Tol3atterx 


A  homemade  telegraph  set. 


release  the  key,  the  circuit  is  again  broken,  the  electro¬ 
magnet  loses  its  magnetism,  and  the  tin  bar  goes  back  to 
its  original  position. 

Telegraph  codes.  The  message  is  sent  in  “  code,” 
that  is,  a  system  of  signals  in  which  the  letters  of  the 
alphabet  are  translated  into  combinations  of  long  and 
short  signals  or  clicks  of  the  receiver.  The  long  signals, 
or  “  dashes,”  are  made  by  keeping  the  finger  pressed 


A._ 

H.... 

o. . 

u.._ 

B_... 

I.. 

p . 

V _ 

c.. . 

J  — 

Q.._. 

w _ 

D_.. 

K _ 

R.  .. 

x._.. 

E. 

L _ 

s... 

Y..  .. 

F._. 

1 

1 

T_ 

Z...  . 

G _ _ 

N_. 

The  Morse  Code. 

Write  a  message,  using  this  code. 

down  on  the  key  a  trifle  longer  than  is  necessary  in 
making  the  short  signals,  or  “  dots.” 

A  number  of  codes  are  in  use  for  commercial  pur¬ 
poses,  and  private  codes  are  also  used,  but  the  one 
that  is  probably  known  best  is  the  Morse  Code.  The 
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operators,  of  course,  are  trained  to  transmit  and  to 
receive  messages.  To  them,  it  is  just  as  easy  as  ordi¬ 
nary  writing  and  reading.  Every  young  scientist, 
however,  should  be  able  to  make  a  simple  telegraph 
set.  He  can  then  have  the  fun  of  sending  messages 
and  making  a  private  or  “secret”  code,  if  he  chooses. 

Communication  by  means  of  telegraph.  The  tele¬ 
graph  has  aided  the  progress  of  man  by  making  com¬ 
munication  easy  and  rapid.  Commerce  has  profited 
greatly  in  this  way.  In  place  of  long  delays  caused  by 
former  slow  means  of  communication,  business  men 
are  now  able  to  issue  orders  for  buying  and  selling  in  a 
very  short  space  of  time.  The  rapid  spread  of  infor¬ 
mation  made  possible  by  the  telegraph  has  also  served 
to  tell  man  promptly  about  events  in 
remote  parts  of  the  world  and  has 
thus  served  the  very  desirable  pur¬ 
pose  of  bringing  us  closer  to  peoples  of 
countries  far  removed  from  our  own. 

Demonstration.  To  show  how  the 
electric  bell  works.  A  lesson  in  obser¬ 
vation.  The  electric  bell  consists  of  an 
electromagnet,  a  vibrating  strip  with  hammer 
attached,  and  a  gong.  Carefully  examine 
an  electric  bell.  Can  you  find  the  electro¬ 
magnet?  Of  what  material  do  you  think 
the  wire  is  made?  Of  what  is  the  core  a of^per "mbe” 
made?  Connect  the  bell  with  an  electric  ftgC^separt  and  explain 
cell.  Does  the  electromagnet  attract  the 
hammer  of  the  bell  ?  Once  attracted,  why  does  the 
hammer  not  remain  pressed  against  the  bell?  (The  circuit 
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is  broken  at  the  contact  screw.)  What  causes  the  hammer, 
when  released,  to  go  back  to  the  contact  screw?  Why  is 
a  temporary  magnet  necessary?  Describe  in  detail  how 
the  bell  works. 

In  the  buzzer,  the  hammer  and  gong  are  omitted  and  the 
vibration  of  the  metal  strip,  to  which  the  hammer  is  usually 
attached,  causes  a  buzzing  sound. 

* 

Summary 

The  telegraph  consists  of  a  source  of  current,  a  circuit,  a 
sender,  and  a  sounder. 

By  making  communication  easy  and  rapid,  the  telegraph 
has  aided  progress. 

The  electric  bell  consists  of  an  electromagnet,  a  vibrating 
strip  with  hammer  attached,  and  a  gong. 

Questions 

1.  Mention  five  methods  of  communication  in  use  before 
the  telegraph  was  invented. 

2.  State  two  advantages  of  the  telegraph  over  other 
methods  of  communication. 

3.  Who  invented  the  telegraph  ? 

4.  What  is  a  circuit  ? 

5.  What  is  the  purpose  of  a  switch  ? 

6.  In  the  telegraph,  what  is  the  purpose  of  the  sender? 

7.  What  part  of  the  telegraph  instrument  is  the  sounder? 

8.  What  is  a  “  code  ”  in  telegraphy? 

9.  What  are  the  important  parts  of  an  electric  bell? 

10.  What  purpose  does  the  push  button  serve? 

Supplementary  Demonstrations  and  Projects 

1.  Write  a  message  in  Morse  code. 

2.  Make  a  buzzer  out  of  an  electric  bell  and  operate  it 
by  means  of  an  electric  battery. 
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3.  Make  a  simple  telegraph  set  and  demonstrate  it  to 
your  classmates. 

4.  Make  a  push  button  and  demonstrate  its  use  in  an 
electric  circuit. 

5.  Learn  how  telegraph  messages  are  automatically 
reproduced  on  tape  by  the  “  ticker  ”  and  explain  why  this 
is  an  improvement  over  the  old  method  which  required  an 
operator  to  receive  messages. 

6.  Find  out  how  the  door  bell  of  your  home  operates. 

7.  Write  a  composition  about  the  invention  of  the  tele¬ 
graph  by  Samuel  F.  B.  Morse. 

8.  Make  a  chart  to  show  progress  in  methods  of  com¬ 
munication  from  the  earliest  times  to  the  present  day. 


Why  does  lightning  follow  an  irregular  path  ? 


PROBLEM  IV  A 

WHAT  IS  FRICTIONAL  ELECTRICITY? 

The  magic  wand.  The  books  of  Greek  mythology 
tell  about  Zeus,  the  “  thunderer,”  who  could  create 
thunder  and  lightning  at  will.  Do  you  know  that  you, 
too,  can  create  a  mild  form  of  lightning?  There  are 
some  days  when  combing  the  hair  causes  a  strange, 
crackling  sound.  Often,  at  such  times,  the  hair  is  at¬ 
tracted  to  the  comb  and  stands  on  end  in  an  annoying 
manner.  You  do  not  seem  to  be  able  to  comb  it  smooth 
without  wetting  it.  This  crackling  is  caused  by  tiny 
electric  sparks  made  by  the  hard-rubber  comb  as  it 
is  drawn  through  the  hair.  You  have  created  a  weak 
form  of  lightning. 

Did  you  ever  notice  how  the  cap  of  your  fountain- 
pen  sometimes  attracts  little  bits  of  dust  and  paper  that 
cling  in  spite  of  all  your  efforts  to  remove  them  ?  Scat- 
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ter  some  tiny  bits  of  paper  on  the  desk.  Rub  your 
fountain-pen  briskly  on  the  sleeve  of  your  coat  and 
bring  the  pen  near  the  scraps.  The  small  pieces  of 
paper  will  at  once  rise  and  cling  to  the  surface  of  the 
pen.  Magnetism,  you  will  no  doubt  call  this.  But  it 
is  not  magnetism,  for  we  know  that  hard  rubber  is  not 
one  of  the  substances  that  can  be  magnetized.  Neither 
can  bits  of  paper  be  attracted  by  a  magnet.  This, 
then,  must  be  some  form  of  energy  other  than  mag¬ 
netism. 

For  want  of  a  better  name  we  call  this  form  of  energy 
frictional  electricity,  because  it  is  electricity  made  by 
rubbing.  Another  name  commonly  applied  to  it  is 
static  electricity. 

Tom  discovered,  by  accident,  that  his  fountain-pen 
was  attracting  dust  and  small  bits  of  paper.  He 
nibbed  and  nibbed  to  see  how  strong  an  attraction 
he  could  produce.  Delighted  with  the  results,  he  tried 
to  discover  other  attractors.  He  rubbed  rulers,  pen¬ 
cils,  iron  rods,  silver  spoons,  latch-keys,  and  even  a 
gold  scarf  pin.  To  his  surprise,  not  all  these  objects 
were  able  to  attract  tiny  bits  of  paper,  and  for  a  long 
time  he  was  unable  to  understand  why  most  sub¬ 
stances  failed  to  do  what  the  comb  and  the  fountain- 
pen  could.  It  was  not  until  he  read  about  frictional 
electricity  that  the  matter  became  clear. 

Demonstration.  To  show  how  frictional  electricity  can 
be  generated.  With  a  piece  of  fur,  briskly  rub  a  stick  of 
sealing  wax  and  bring  it  near  some  tiny  bits  of  paper.  Are 
the  bits  of  paper  attracted?  Repeat  the  test  with  a  hard- 
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rubber  rod,  a  glass  rod  (rub  this  with  silk),  a  stick  of  wood, 
an  iron  rod,  and  a  rod  of  brass.  Record  the  result  in  each 
case.  Rub  the  sealing  wax  once  again  and  hold  it  very  close 

to  an  iron  pipe  or  a  radi¬ 
ator.  Do  you  see  a  tiny 
spark  ?  (The  weather 
should  be  clear  and  dry 
for  good  results.) 

The  kind  of  energy  you 
have  generated  is  known 
as  frictional  electricity ,  or 
static  electricity. 

Demonstration.  To 
show  that  electrified 
bodies  do  not  always 
attract  other  bodies. 

Suspend  a  ruler  as  shown 
in  the  illustration,  by  hanging  it,  balanced,  in  a  paper 
“  stirrup.”  Electrify  a  rod  and  bring  it  near  one  end  of  the 
ruler.  How  does  the  ruler  behave?  Test  the  other  end 


Why  does  the  pith  ball  move  away  from  the 
hard-rubber  rod  ? 


If  the  rod  held  in  the  hand  is  electrified,  how  will  the  suspended  ruler  behave?  Why? 


in  the  same  way.  Replace  the  ruler  with  rods  of  iron, 
glass,  and  other  materials.  Will  the  electrified  rod  attract 
any  substance? 
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Repeat  the  tests,  this  time  electrifying  the  suspended  rods 
as  well  as  the  rods  you  hold  in  your  hand.  Are  some  of  the 
rods  now  repelled  ? 

The  kind  of  electrification  in  hard-rubber  or  in  sealing 
wax  is  called  negative  electrification;  that  contained  in 
glass  is  called  positive  electrification.  Do  like  kinds  repel? 
Do  unlike  kinds  attract?  In  what  ways  is  electrification 
the  same  as,  and  in  what  ways  does  it  differ  from,  magnetism  ? 

Electricity  from  the  sky.  The  low  rumbling  of 
thunder  has  been  heard  for  more  than  half  an  hour. 
The  sky  has  been  growing  blacker  and  blacker  and 
more  threatening.  Now  it  is  dark  as  night.  Nearer 
and  nearer  comes  the  storm.  Now  it  breaks !  The 
rain  falls  in  cataracts ;  the  lightning  flashes  and  the 
thunder  booms.  Suddenly  there  is  a  blinding  flash, 
a  sharp  crackling,  a  deafening  crash;  so  near  that  all 
the  earth  seems  to  tremble.  The  church  steeple  is 
struck !  A  few  rain-soaked  passers-by  barely  escape 
the  debris  that  comes  hurtling  through  the  air !  Light¬ 
ning  is  indeed  a  fearful  messenger  of  destruction. 
This  is  the  second  time  during  the  summer  that  this 
same  steeple  has  been  struck ! 

Lightning  is  the  result  of  static  electricity.  In  the 
process  of  forming  clouds,  the  tiny  drops  of  moisture 
store  up  charges  of  electrification.  So  long  as  the  air 
is  fairly  dry,  this  electrification  is  imprisoned  in  the 
clouds  because  dry  air  is  a  poor  conductor  of  electric¬ 
ity.  During  a  storm  the  clouds  become  more  heavily 
charged,  and  the  moist  air  provides  an  easy  outlet  for 
the  electricity.  Suddenly,  in  the  form  of  a  tremendous 
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spark,  the  charge  leaps  across  the  gap  to  the  nearest 
conductor,  which  may  be  another  cloud,  a  tree-top,  or 
a  tall  building. 

It  is  a  law  of  electricity  that  the  spark  will  follow 
the  path  of  least  resistance.  That  is  why  a  flash  of 

lightning  follows  a  wind¬ 
ing  path,  very  much  as 
a  river  seeks  the  easiest 
way  down  to  its  mouth. 
That  is  why,  too,  tree- 
tops  and  steeples  are  in 
most  danger  of  being 
struck.  The  advice,  not 
to  seek  shelter  from  a 
storm  by  standing  under 
a  tree,  is  well  worth 
heeding. 

In  1752,  Benjamin 
Franklin  performed  an 
experiment  which  con¬ 
vinced  people  that  light¬ 
ning  is  a  form  of  elec¬ 
tricity.  After  several 
unsuccessful  attempts  he  succeeded  in  flying  a  kite 
during  a  thunderstorm.  At  the  top  of  the  kite  he 
placed  a  piece  of  wire  to  attract  electricity  from  the 
clouds.  At  the  lower  end  of  the  cord  he  attached  a 
piece  of  silk  ribbon.  At  the  point  where  the  ribbon 
was  tied  to  the  kite  string,  he  hung  a  metal  key.  At 
the  height  of  the  storm,  electricity  from  the  clouds 
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traveled  from  the  wire-tipped  kite  and  through  the 
wet  kite  string.  The  silk  ribbon,  which  Franklin  held 
in  his  hand,  kept  the  electricity  from  passing  through 
his  body,  because  silk  is  a  poor  conductor  of  elec¬ 
tricity.  The  electricity  from  the  clouds  was  thus 
imprisoned  in  the  wet  string  and  the  key.  By  hold¬ 
ing  his  knuckle  near  the  key,  Franklin  was  able  to 
draw  electric  sparks  from  the  key. 

As  the  result  of  this  experiment,  Franklin  invented 
the  hghtning  rod,  a  device  which  protects  buildings 
from  lightning  by  leading  the  electric  charge  safely 
to  the  ground.  For  this,  alone,  we  owe  Franklin  a 
debt  of  gratitude. 

Demonstration.  To  find  out  whether  an  electrified 
object  is  positively  or  negatively  charged.  Make  or  obtain 
an  electroscope  like  that 
shown  in  the  illustration. 

It  consists  simply  of  a 
brass  rod  to  the  bottom 
of  which  are  attached  two 
delicate  pieces  of  silver 
leaf.  This  rod  is  inclosed 
in  a  glass  jar  to  protect 
the  leaves  from  drafts. 

The  rod  passes  through 
a  rubber  stopper,  and  is  mat  causes  the  ieaves  at  the  Iower  end  of 

tipped  with  a  brass  ball  ro<*  t0  separate?  Why  are  the  leaves 

.  "  enclosed  in  a  jar? 

or  knob. 

Bring  an  electrified  glass  or  rubber  rod  near  the  knob  of 
the  electroscope.  Do  the  leaves  separate  ?  Why  ?  Can  we 
tell  in  this  wav  what  kind  of  electrification  the  rod  contains  ? 
Repeat  the  test,  this  time  touching  the  brass  knob  with  the 
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finger  of  the  free  hand  and  then  withdrawing  the  finger 
while  the  electrified  rod  is  still  held  near.  Now  remove  the 
rod.  Note  that  the  leaves  now  remain  separated.  You 
have  induced  a  charge  in  the  electroscope.  If  the  electrified 
rod  contains  negative  electrification,  the  induced  charge  will 
be  positive,  and  vice  versa.  Now  if  we  bring  near  the 
charged  electroscope  a  rod  that  is  charged  with  the  same 
kind  of  electrification,  the  leaves  will  separate  still  more, 
because  like  charges  repel.  If  we  bring  near  it  a  rod  that  is 
charged  with  the  opposite  kind  of  electrification,  the  leaves 
will  come  together  because  opposite  kinds  attract. 

Try,  now,  to  explain  in  detail  how  we  can  test  any  elec¬ 
trified  object  to  discover  whether  it  contains  positive  or 
negative  electrification. 

Touch  the  knob  of  the  charged  electroscope  with  the 
finger.  Why  do  the  leaves  collapse?  You  have  discharged 
the  electroscope  by  permitting  the  electrification  to  pass 
through  your  body  to  the  ground. 

Demonstration.  To  show  how  we  can  light  the  gas  by 
means  of  static  electricity.  To  make  a  spark  big  enough  to 


light  the  gas,  you  will 
need  an  electrophones. 
If  you  cannot  get  one, 
you  should  not  find  it 
hard  to  make  one.  It 
consists  of  a  plate  of 
hard  rubber,  or  of  seal¬ 
ing  wax  (an  old  phono¬ 
graph  record  will  do), 
set  in  a  metal  case  (a 


An  electrophorus.  Why  is  it  necessary  to  touch 
the  disk  with  the  finger  ? 


pie  plate),  and  a  metal  disk  to  which  is  attached  an  in¬ 
sulated  handle  of  wood.  Rub  the  wax  plate  briskly  with  fur 
until  it  crackles.  Press  the  metal  disk  down  on  the  electri¬ 
fied  plate.  Touch  the  finger  for  an  instant  to  the  top  of 
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the  disk  to  remove  the  negative  part  of  the  charge.  You 
have  thus  induced  a  positive  charge  in  the  disk.  Now  lift 
the  disk,  being  careful  not  to  let  it  touch  any  object  as 
you  do  so.  Bring  the  knuckle  of  the  free  hand  to  the  edge 
of  the  charged  disk  and  you  will  feel  a  slight  shock.  If  the 
weather  is  clear  and  dry,  you  should  see  the  spark  leap  from 
the  disk  to  the  knuckle,  and  you  should  hear  a  crackling 
sound  as  the  disk  is  discharged.  Having  thus  made  sure 
that  all  is  well,  charge  the  disk  again,  open  the  gas  jet, 
and  apply  the  edge  of  the  disk  to  the  jet.  You  may  have 
to  try  several  times  before  you  succeed  in  lighting  the  gas. 

The  spark  made  by  the  electrophoms  disk  is  exactly 
like  a  small  flash  of  lightning.  The  clouds  store  elec¬ 
trification  and  discharge  it  through  the  moist  atmos¬ 
phere  to  the  earth. 

Demonstration.  To  show  how  a  considerable  amount  of 
electrification  can  be  stored.  The  charge  contained  in  an  elec- 
trophorus  disk  is 
very  small.  For 
storing  charges  so 
a  strong  spark 
may  be  produced, 
a  Leyden  jar  is 
used.  This  con¬ 
sists  of  a  glass 
jar  coated  inside 
and  outside,  half¬ 
way  to  the  top, 

with  metal.  A  A  Leyden  jar.  Why  should  the  jar  be  held  in  the  hand 
.  it  during  the  charging  process  ? 

brass  rod,  ending 

in  a  knob  at  the  top,  passes  through  a  nonconducting 
(wood  or  rubber)  stopper,  and  touches  the  inside  metal  lining. 
An  electrophorus  is  also  needed  for  this  demonstration. 
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Electrify  the  electrophorus  plate  in  the  usual  way.  Charge 
the  electrophorus  disk  and  bring  it  close  to  the  knob  of  the 
Leyden  jar,  which  should  be  held  in  the  hand.  Do  you  see 
a  spark  leap  from  the  disk  to  the  knob?  Why?  What 
kind  of  electrification  remains  on  the  inside  of  the  jar? 
Why? 

Repeat  this  charging  process  over  and  over  again  and 
then  discharge  the  Leyden  jar  by  touching  the  knob  with 
the  knuckle.  Do  you  get  a  severe  shock  ?  Why  is  it  stronger 
than  the  shock  received  by  touching  the  electrophorus  disk? 


A  Toepler-Holtz  machine. 


The  Toepler-Holtz  machine  is  a  device  for  produc¬ 
ing,  storing,  and  transmitting  frictional  electricity. 
Such  machines  are  sometimes  used  by  physicians  for 
electrical  treatment.  They  consist  of  large  hard- 
rubber  or  glass  disks  which,  as  they  revolve,  are  rubbed 
by  brushes  to  produce  static  electricity.  Attached  to 
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the  brushes  are  metal  conductors  which  carry  the 
charge  into  Leyden  jars  where  it  is  stored.  These 
Leyden  jars,  in  turn,  release  their  energy  through  metal 
rods  by  means  of  which  the  electricity  is  applied  to 
the  patient  receiving  treatment. 

Summary 

Frictional  electricity  is  electricity  generated  by  rubbing. 

Frictional  electricity  may  be  positive  or  negative. 

Lightning  is  caused  by  the  discharge  of  frictional  (static) 
electricity  that  has  been  stored  in  the  clouds. 

Franklin  proved  that  lightning  is  electricity. 

The  electroscope  is  a  device  for  detecting  electrification. 

The  electrophorus  is  a  device  for  generating  a  small  charge 
of  static  electricity. 

The  Leyden  jar  stores  electrical  charges. 

Questions 

1.  Tell  how  frictional  or  static  electricity  may  be  pro¬ 
duced. 

2.  Compare  frictional  electricity  and  magnetism,  show¬ 
ing  in  what  ways  they  are  alike  and  how  they  differ. 

3.  Why  does  hair  “  crackle  ”  when  combed  on  a  clear, 
dry  day? 

4.  Why  is  it  unwise  to  polish  eye  glasses  with  a  silk 
handkerchief  ? 

5.  Discuss  the  possibility  of  inventing  an  electrified  rod, 
or  a  similar  device,  that  could  be  used  for  dusting  furniture, 
rugs,  etc. 

6.  How  can  you  prove  that  like  kinds  of  electrification 
repel  and  that  unlike  kinds  attract  ? 

7.  How  can  you  demonstrate  that  any  substance  may 
be  attracted  by  an  electrified  object? 
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S.  Describe  an  electroscope.  For  what  is  it  used? 
Make  a  drawing  of  the  instrument  and  label  its  parts. 

9.  Why  are  the  leaves  of  an  electroscope  encased  in 
glass  ? 

10.  Describe  Franklin’s  famous  kite  experiment.  What 
did  it  prove?  What  invention  resulted? 

11.  For  what  is  the  electrophorus  used?  How  is  it 
charged  ?  How  is  it  discharged  ? 

12.  For  what  is  the  Leyden  jar  used? 

13.  Why  should  the  Leyden  jar  be  held  in  the  hand  while 
it  is  being  charged  ? 

14.  For  what  is  the  Toepler-Holtz  machine  used? 

15.  Why  are  trees  and  tall  steeples  often  struck  by  light¬ 
ning? 

Supplementary  Demonstrations  and  Projects 

1.  Make  a  simple  electroscope. 

2.  Prove  that  static  electricity  is  not  the  same  as  mag¬ 
netism. 

3.  Make  an  electrophorus  and  show  howr  the  disk  is 
charged. 

4.  Write  an  account  of  Franklin’s  kite  experiment. 

5.  Construct  a  simple  Leyden  jar,  using  tin  foil  for  the 
outer  and  inner  linings. 


Keystone  —  Underwood 

A  dry  cell  supplies  the  current  for  the  flashlight. 


PROBLEM  IV 

HOW  ARE  CELLS  AND  BATTERIES  MADE 
AND  USED? 

In  a  corner  of  the  well-lighted  cellar  of  his  home, 
Paul  was  bending  over  some  science  apparatus,  neatly 
arranged  on  a  small  table.  In  a  glass  jar  containing  a 
mixture  of  water  and  sulphuric  acid,  two  pieces  of 
metal,  one,  copper,  and  the  other,  zinc,  were  immersed. 
To  the  upper  end  of  each  of  these  pieces  of  metal  a 
length  of  copper  ware  was  attached.  Paul  had  just 
connected  the  other  end  of  one  of  the  wares  to  the 
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binding  post  of  a  bell.  As  he  touched  the  second  wire 
to  the  other  binding  post,  he  was  delighted  to  hear 
the  bell  ring  merrily.  Paul  had  succeeded  in  ringing 
a  bell  by  means  of  electricity. 

The  first  electric  cell.  The  glass  jar  containing  a 
piece  of  copper  and  a  piece  of  zinc  immersed  in  a  mix¬ 
ture  of  sulphuric  acid  and  water  is  an  electric  cell.  In 
such  a  cell  a  flow  of  electricity  is  caused  by  chemical 
action.  How'  it  was  discovered  that  electricity  can 
be  made  to  flow  by  means  of  chemical  action  is  told 
in  the  story  of  Galvani  and  Volta,  at  the  end  of  the 
book.  Volta,  who  made  the  discovery,  also  made  the 
first  electric  cell,  which  was  named  the  voltaic  cell. 

Demonstration.  To  show  how  to  make  a  simple  electric 
(voltaic)  cell.  Cut  a  rectangular  strip  of  sheet  copper  and 
a  similar  strip  of  sheet  zinc.  Make  a  small  hole  near  one 
end  of  each  of  the  strips  and  attacli  a  piece  of  copper  wire 
as  shown  in  the  illustration.  Partly  fill  an  ordinary  glass 
tumbler  with  a  weak  solution  of  sulphuric  acid.  In  making 
the  solution,  be  sure  to  pour  the  water  into  the  glass  first 
and  then  add  the  acid.  Fit  a  cardboard  cover  to  the  glass 
and  insert  the  metal  strips  into  slits  made  in  the  cardboard 
for  this  purpose.  Be  sure  that  the  lower  portions  of  the 
metal  strips  are  immersed  in  the  acid  solution. 

Before  connecting  the  free  ends  of  the  wires,  note  that 
bubbles  begin  to  form  almost  immediately  on  the  zinc,  but 
that  no  bubbles  form  on  the  copper.  This  shows  that  there 
is  a  chemical  reaction  between  the  acid  and  the  zinc.  This 
chemical  reaction  creates  chemical  energy  which  is  changed 
into  electrical  energy . 

Although  the  acid  is  eating  up  the  zinc,  there  is,  as  yet, 
no  current  flowing  through  the  wires.  Connect  the  free 
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ends  of  the  copper  wires.  The  current  is  now  flowing  through 
the  cell  and  through  the  wires.  Touch  the  ends  of  the  wires 
to  the  tip  of  the  tongue  and  note  the  taste.  This  taste  is 
characteristic  of  a  weak  electric  current. 

Attach  the  free  ends  of  the  wires  to  the  binding  posts  of 
an  electric  bell.  What  happens?  Detach  one  wire  from 


In  order  to  ring  the  bell,  why  is  it  necessary  to  connect  the  ends  of  the  wires  to  the 
binding  posts  ?  Locate  the  binding  posts. 

its  binding  post.  What  happens?  Can  we  have  an  electric 
current  without  a  completely  closed  circuit  ? 

When  the  zinc  is  used  up  or  the  copper  becomes  coated 
with  gas  bubbles,  the  current  stops.  A  fresh  piece  of  zinc 
is  needed  in  order  to  make  the  current  flow  once  more. 

Wet  and  dry  cells.  The  kind  of  cell  just  described 
is  known  as  a  wet  cell  because  the  acid  used  is  in  a 
liquid  state.  Such  cells  are  easy  to  make  and  easy  to 
renew,  but  there  is  danger  of  spilling.  For  this  reason 
a  dry  cell  is  manufactured,  and  is  much  more  commonly 
used.  In  the  dry  cell  a  zinc  cylinder  incloses  a  paste 
which  is  saturated  with  sal  ammoniac,  an  acid.  The 
zinc  cylinder  takes  the  place  of  the  zinc  strip  in  the  wet 
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cell  and  serves  as  the  negative  terminal,  or  pole,  of 
the  cell.  Instead  of  copper,  a  stick  of  carbon  is  used. 
This  carbon  runs  through  the  center  of  the  cylinder  of 
paste  and  serves  as  the  positive  terminal,  or  pole,  of 
the  cell.  Each  pole  terminates  (ends)  in  a  binding 
post  to  which  the  electric  wires  may  be  attached.  The 
paste  is  composed  of  powdered  carbon  and  a  substance 
known  as  manganese  dioxide.  The  purpose  of  the 
paste  is  to  remove  the  gas  bubbles  which  form  on  the 
carbon  stick.  If  not  removed,  these  bubbles  interfere 
with  the  flow  of  the  current. 

Demonstration.  To  show  the  construction  of  a  dry  cell. 

Spread  newspapers  over  a  table  and  with  a  hammer  and 
pliers  break  open  a  used-up  dry  cell. 
Find  the  zinc  cylinder  and  note  how 
the  terminal,  or  binding  post,  is  con¬ 
nected  to  the  zinc.  Find  the  carbon 
rod.  This  is  the  positive  terminal. 
Can  you  find  the  binding  post?  Note 
the  moist  blotting-paper.  With  what 
is  the  blotting-paper  moistened  ? 
Note  the  black  powder.  What  is  its 
use  in  the  cell  ?  Ask  your  science 
teacher  about  other  parts  which  you 
find  in  the  cell. 

Dry  cells  are  preferable  to  wet 
cells  as  a  source  of  current.  They 
are  more  convenient  to  carry 
around,  they  do  not  lose  their  strength  so  rapidly, 
and  they  have  a  higher  voltage,  that  is,  electrical 
pressure. 


Describe  the  parts  of  a  dry 
cell. 
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Scientific  terms  you  should  know.  The  acid  solu¬ 
tion  used  in  the  voltaic  cell  is  known  as  the  electrolyte. 
Sulphuric  acid  and  ammonium  chloride  (sal  ammoniac) 
are  the  commonest  electrolytes,  although  other  elec¬ 
trolytes  may  be  used. 

The  metals  used  are  called  electrodes.  The  copper  is 
the  positive,  and  the  zinc  the  negative  electrode.  Car¬ 
bon  is  used  in  place  of  copper  in  some  types  of  cell. 

The  copper  wire  is  generally  referred  to  as  the  con¬ 
ductor. 

The  point  at  which  the  wire  is  attached  to  the  elec¬ 
trode  is  the  pole.  Thus  we  have  a  positive  (+)  and  a 
negative  (  — )  pole. 

The  complete  arrangement,  consisting  of  electrodes, 
electrolyte,  and  conductors,  is  the  circuit. 

The  flow  of  electricity  through  the  circuit  is  the 
current.  When  the  circuit  is  closed,  the  current  flows ; 
when  the  circuit  is  open  or  broken,  the  current  ceases 
to  flow. 

The  volt  is  the  unit  of  measure  of  electrical  pressure ; 
that  is,  the  force  with  which  electricity  is  pushed 
through  the  wires.  When  water  passes  through  a  pipe 
with  great  force,  we  say  the  water  pressure  is  high; 
when  electricity  passes  through  a  wire  with  great 
force,  we  say  the  voltage  is  high. 

The  amount  of  current  flowing  through  the  wires  per 
second  is  called  the  amperage  of  the  current  and  the 
unit  of  measure  is  the  ampere.  When  a  great  amount 
of  water  flowTs  through  a  pipe  in  a  second,  we  say  the 
flow  is  great ;  when  a  great  amount  of  current  passes 
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through  a  wire  in  a  second,  we  say  the  amperage  is 
high. 

Batteries.  The  current  produced  by  a  single  dry 
cell  is  so  small  that,  for  most  practical  purposes,  several 


Is  this  battery  of  wet  cells  connected  in  parallel  or  in  series  ? 


cells  are  connected,  producing  a  stronger  current. 
Such  an  arrangement  is  known  as  a  battery. 

Cells  may  be  connected  in  two  ways  to  form  a  bat¬ 
ter}".  When  all  the  positive  poles  are  connected 
together  and  all  the  negative  poles  are  connected 
together,  the  cells  are  said  to  be  arranged  in  parallel. 
When  the  positive  poles  are  connected  with  the  nega¬ 
tive  poles,  the  cells  are  said  to  be  arranged  in  series. 

Demonstration.  To  learn  how  to  connect  cells  in  series 
and  in  parallel.  Connect  three,  four,  five,  and  six  cells  in 
series  and  connect  the  battery  thus  made  to  a  small  motor. 
How  many  cells  in  series  are  needed  to  run  the  motor? 
Connect  a  number  of  cells  in  parallel.  How  many  cells, 
connected  in  this  way,  are  required  to  light  a  small  electric 
lamp?  Interchange  the  lamp  and  the  motor  and  find  out 
by  testing  whether  cells  connected  in  parallel  will  run  the 
motor.  What  do  you  conclude  ? 
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When  cells  are  connected  in  series,  the  resulting  cur¬ 
rent  has  a  voltage  equal  to  that  of  all  the  cells  com¬ 
bined.  High  voltage  is  needed  in  operating  electric 
bells,  telegraphs,  and  motors ;  therefore,  a  series  con¬ 
nection  gives  the  best  results.  When  cells  are  con¬ 
nected  in  parallel,  the  total  voltage  of  the  resulting 
current  is  the  same  as  that  of  one  cell.  Where  high 
voltage  is  not  needed,  but  where  a  continuous  current 
is  required  over  a  long  period  of  time,  this  arrangement 
gives  good  results.  An  important  use  for  cells  con¬ 
nected  in  parallel  is  lighting  vacuum  tubes  of  a  radio. 
Connecting  cells  in  parallel  prolongs  the  life  of  the 
cells  and  gives  a  greater  flow  of  current,  that  is, 
amperage. 

Electric  current  from  cells  and  batteries  has  many 
uses.  Electric  currents  are  used  in  flashlights,  house 
lighting,  automobile  lighting,  and  commercial  adver¬ 
tising  signs.  These  are 
just  a  few  of  the  im¬ 
portant  uses  of  the 
electric  current  for 
lighting.  Can  you  add 
to  this  list? 

The  following  signal¬ 
ing  devices  depend 
upon  the  electric  cur¬ 
rent  for  their  use  :  electric  bells  and  buzzers,  telegraph, 
telephone,  and  radio  sets. 

Among  the  other  uses  of  the  electric  current  may 
be  mentioned  operation  of  automobile  self-starters, 
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operation  of  electrically  driven  vehicles,  and  opera¬ 
tion  of  shocking  machines  such  as  are  used  by 
physicians  for  treating  certain  diseases. 

How  many  other 
everyday  uses  can  you 
add  to  this  list? 

Demonstration.  To 
show  how  batteries  are 
used.  Take  the  battery 
out  of  a  flashlight.  Put 
it  back  and  see  how  it 
works.  Connect  a  battery 
with  a  bell,  a  small  electric 
light,  a  buzzer,  a  telegraph  set,  and  a  small  motor.  How 
many  cells  are  needed  in  each  case?  Is  it  better  to  connect 
the  cells  in  parallel  or  in  series  ? 


A  cell  connected  to  a  small  motor. 


Summary 

The  simple  (wet  or  voltaic)  cell  produces  an  electric  current. 
The  dry  cell  produces  an  electric  current. 

The  dry  cell  is  preferable  to  the  wet  cell. 

Batteries  are  cells  connected  in  series  or  in  parallel  to  give 
more  power  or  to  last  longer. 

Electric  current  from  cells  and  batteries  has  many  uses. 


Questions 

1 .  What  is  the  origin  of  the  term  voltaic  cell  ? 

2.  Name  two  substances  suitable  for  use  as  electrolytes. 

3.  What  materials  may  be  used  for  positive,  and  what 
for  negative  electrodes  ? 

4.  What  happens  to  the  electric  current  when  the  cir¬ 
cuit  is  broken  ? 
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5.  What  is  the  difference  between  a  circuit  and  a  cur¬ 
rent? 

6.  How  does  current  electricity  differ  from  static  elec¬ 
tricity  ? 

7.  Make  a  diagram  of  a  simple  voltaic  cell  and  label  the 

important  parts.  « 

8.  In  connection  with  Galvani  and  Volta,  tell  who  they 
were,  where  and  in  what  century  they  lived,  and  what  they 
did  in  the  field  of  electricity. 

9.  Give  a  brief  definition  of  each  of  the  following : 
current,  circuit,  pole,  electrode,  binding  post. 

10.  What  is  meant  by  voltage  ?  amperage  ? 

11.  In  what  two  ways  may  cells  be  connected  to  form  a 
battery  ?  What  is  the  advantage  of  each  method  ? 

12.  State  one  use  for  high-voltage  currents. 

Supplementary  Demonstrations  and  Projects 

1.  Find  out  how  electroplating  is  done  and  explain  the 
process  to  your  class. 

2.  Construct  a  homemade  electric  flash  lamp. 

3.  Make  a  simple  voltaic  (wet)  cell  and  use  it  to  ring 
a  bell. 


Brown  Bros. 

A  storage  battery  supplies  the  current  to  start  the  motor. 


PROBLEM  V 

WHAT  IS  A  STORAGE  CELL  AND  FOR  WHAT 
IS  IT  USED? 

The  chief  trouble  with  the  dry  cell  is  that  when  it 
is  used  up,  it  must  be  thrown  away.  There  is  no  way 
to  restore  a  wornout  dry  cell  to  its  original  strength. 
Furthermore,  the  flow  of  current  generated  by  a  dry 
cell  is  not  very  even.  To  overcome  these  difficulties 
the  storage  cell  is  used. 

The  storage  cell  resembles  a  simple  cell.  You  will 
recall  that  the  simple  voltaic  cell  consisted  of  two 
metal  plates  (electrodes)  immersed  in  an  acid  (electro¬ 
lyte).  The  electrodes  were  connected  by  copper  wire 
to  make  a  complete  circuit.  The  storage  cell  is  very 
much  like  the  voltaic  cell :  two  lead  plates  are  used  for 
electrodes,  and  the  electrolyte  is  sulphuric  acid.  This 
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acid  is  very  strong  and  must  be  carefully  handled.  If 
dropped  on  the  skin,  it  will  cause  a  bad  burn ;  if  it 
touches  your  clothing,  it  will  eat  holes  into  the  fabric. 

DO  NOT  HANDLE  SULPHURIC  ACID  UNTIL  YOU  HAVE 

been  taught  how.  Sulphuric  acid  will  not  injure  glass. 
Glass  is  therefore  used  to  contain  the  electrolyte  of  a 
storage  cell. 

Demonstration.  To  show  how  a  storage  cell  is  made. 

Obtain  a  large,  glass  jar.  Cut  two  pieces  of  sheet  lead,  each 
about  six  inches  square.  Prepare  a  solution  of  sulphuric  acid 
by  slowly  adding  sulphuric  acid  to  distilled  water  in  the  jar. 
There  should  be  four  times  as  much 

■Q-1  "  1 

water  as  acid  and  the  water  must  he  in  — 

the  jar  before  the  acid  is  added.  Stir 
vigorously  as  you  pour.  Insert  the 
lead  plates  into  the  mixture  and  con¬ 
nect  copper  wires  from  the  lead  plates 
to  a  bell.  What  happens?  Do  not 
be  disappointed  to  find  that  the  bell 
does  not  ring.  In  order  that  the  cell 
become  active  it  must  first  be  charged. 

This  is  done  by  passing  an  electric 
current  from  a  battery  of  dry  cells  through  the  storage 
cell.  To  do  this,  connect  the  dry-cell  battery  to  the  lead 
plates  of  the  storage  cell.  Allow  the  charging  to  continue 
for  some  time;  the  longer  the  better.  After  charging,  try 
again  to  ring  a  bell  by  means  of  the  storage  cell.  What 
happens  ? 

Once  charged,  the  storage  cell  is  used  very  much 
as  a  dry  cell  is.  When  the  current  from  the  storage 
cell  ceases  to  flow,  its  strength  can  be  restored  by 
charging. 
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Commercial  storage  battery.  The  commercial  stor¬ 
age  battery  consists  of  a  number  of  lead  plates  separated 
by  insulating  hard-rubber  plates.  The  rubber  plates 
are  perforated  to  allow  the  electrolyte  to  reach  the 
lead  electrodes.  In  charging  the  battery,  the  charging 
current  must  flow  into  the  cell  always  in  one  and  the 
same  direction.  Such  a  current  is  known  as  a  direct 
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A  storage  battery. 


current.  While  the  batten'  is  discharging,  that  is, 
performing  work,  the  current  flows  out  of  the  battery 
in  the  opposite  direction. 

Charging  the  battery  causes  a  chemical  change  in 
the  plates  and  makes  the  acid  heavier.  When  fully 
charged,  the  acid  becomes  about  one  and  a  quarter 
times  as  heavy  as  water.  This  fact  makes  it  possible 
to  know,  by  testing  the  weight  of  the  acid,  whether 
or  not  a  storage  battery  needs  charging. 


Demonstration.  To  show  how  we  can  test  the  strength 
of  a  storage  battery.  For  this  demonstration  we  need  a 
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hydrometer.  This  consists  of  a  small,  closed  glass  cylinder 
weighted  at  the  bottom  so  that  it  will  float  upright.  This 
cylinder  is  inclosed  in  a  glass  tube  into  which  the  acid  from 
the  battery  is  drawn  up  by  means  of  a  rubber 
bulb,  as  shown  in  the  illustration.  Marks  on 
the  tube  form  a  scale  which  indicates  how 
heavy  the  acid  is  compared  to  water.  When 
the  acid  is  heavy,  the  hydrometer  cylinder  will 
float  high.  The  reading  on  the  instrument 
should  be  between  1250  and  1300.  This  means 
that  the  acid  is  then  a  little  more  than  1^- 
times  as  heavy  as  w^ater,  the  density 1  of  which 
is  represented  on  the  hydrometer  by  the  figure 
1000.  (1250  is  1^  times  1000.)  WTen  the 

hydrometer  reads  less  than  1250,  the  battery 
is  growing  weak;  when  the  hydrometer  reads 
1150  or  less,  the  battery  needs  charging. 

Storage  cells  and  batteries  supply  current  For  what  is  it 
for  many  uses.  Every  automobile  has  a  used' 
storage  battery  which  supplies  current  for  the  automo¬ 
bile  self-starter  and  lights.  For  a  time  most  radio  sets 
were  also  operated  by  storage  batteries.  Storage 
batteries  are  particularly  good  for  operating  radio  sets 
because  the  current  supplied  is  very  even,  and  an  even 
current  is  highly  desirable  for  good  results  with  a  radio 
set.  You  may  have  noticed  at  times  when  the  bright 
lights  in  a  subway  car  go  out  for  a  moment,  that  a  light 
in  the  vestibule  of  the  car  goes  on.  This  is  to  avoid 
panic  that  is  likely  to  occur  when  all  lights  are  out.  A 
storage  battery  supplies  the  current  for  this  emergency 

1  Density.  The  density  of  a  body  tells  us  whether  it  is  heavy  or 
light.  It  is  the  weight  per  unit  volume. 
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light.  This  light  goes  on  automatically  when  the  main 
lights  go  out.  In  submarines  it  is  impossible  to  supply 
current  for  lighting  from  a  large  central  plant.  Sub¬ 
marines  are  therefore  lighted  by  means  of  current 
from  storage  batteries. 

Storage  batteries,  then,  have  many  uses.  Some  of 
these  have  been  mentioned  above.  Can  you  add  to 
this  list  ? 

Care  of  storage  cells.  Storage  cells  require  consid¬ 
erable  care.  Because  the  water  in  the  cell  evaporates, 
it  is  necessary,  occasionally,  to  add  water  to  the  cell. 
For  this  purpose  distilled  water  only  should  be  used. 

Summary 

A  storage  cell  resembles  a  simple  cell. 

A  storage  cell  is  charged  by  connecting  its  plates  with  a 
source  of  current. 

When  charged,  the  storage  cell  can  cause  an  electric  cur¬ 
rent  to  flow. 

Storage  cells  and  batteries  supply  current  for  many  uses. 

How  Much  Have  You  Learned? 

Which  of  the  following  statements  are  true  and  which 
are  false? 

T.  F.  1.  Dry  cells  cannot  be  restored  to  original  strength 
once  they  are  used  up. 

T.  F.  2.  The  flow  of  current  generated  by  dry  cells  is 
very  even. 

T.  F.  3.  The  storage  cell  has  no  electrolyte. 

T.  F.  4.  Both  electrodes  of  a  storage  battery  are  made 
of  lead. 
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T.  F. 
T.  F. 

T.  F. 
T.  F. 
T.  F. 
T.  F. 
T.  F. 
T.  F. 

T.  F. 
T.  F. 
T.  F. 

T.  F. 
T.  F. 
T.  F. 
T.  F. 
T.  F. 


5.  Sulphuric  acid  is  harmful  to  the  skin  and  destroys 
clothing. 

6.  In  order  to  see  the  lead  plates  and  the  sul¬ 
phuric  acid  easily,  they  are  inclosed  in  glass 
jars. 

7.  A  storage  cell  cannot  cause  an  electric  current 
to  flow  unless  it  is  first  charged. 

8.  Dry  cells  may  be  used  for  charging  storage 
cells. 

9.  Long  charging  gives  better  results  than  short 
charging. 

10.  Storage  cells  perform  work  while  they  are  dis¬ 
charging. 

11.  Storage  batteries  are  charged  by  direct  cur¬ 
rent. 

12.  The  current  from  a  storage  battery  flows  in  the 
same  direction  as  the  current  which  is  used  in 
charging  the  battery. 

13.  A  hydrometer  tells  whether  or  not  there  is  enough 
distilled  Tvater  in  the  battery. 

14.  All  subway  car  lighting  is  done  by  current  from 
storage  cells. 

15.  When  the  hydrometer  reads  1250,  it  means  that 
the  acid  in  the  storage  battery  is  1-^  times  as 
heavy  as  water. 

16.  A  battery  is  weak  when  the  hydrometer  reading 
is  1250. 

17.  All  radio  sets  are  now  operated  by  means  of 
storage  batteries. 

18.  Only  distilled  water  should  be  used  in  the  stor¬ 
age  battery. 

19.  Hydrometers  are  sometimes  used  for  testing  dry 
cells. 

20.  Storage  batteries  are  used  in  automobiles. 
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Supplementary  Demonstrations  and  Projects 

1.  Charge  a  storage  battery. 

2.  Use  a  homemade  storage  cell  to  light  a  small  lamp. 

3.  “  Storage  cells  store  electrical  energy  in  the  form  of 
chemical  energy.,,  Come  prepared  to  explain  this  state¬ 
ment  to  your  classmates. 


Keystone  —  Underwood 

Michael  Faraday  in  his  laboratory. 


PROBLEM  VI 

WHAT  IS  MEANT  BY  FARADAY’S  PRINCIPLE 
OF  MAGNETIC  INDUCTION? 

Back  in  the  early  nineteenth  century  a  blacksmith 
apprenticed  his  son  to  a  bookbinder.  The  boy  was 
much  more  interested  in  experimenting  in  the  new  and 
interesting  field  of  electricity  than  in  bookbinding.  His 
work  attracted  the  attention  of  Sir  Humphry  Davy, 
the  great  physicist,  who  gave  him  a  position  as  labora¬ 
tory  assistant.  Davy  arranged  for  the  boy’s  educa¬ 
tion,  took  him  with  him  whenever  he  lectured,  and 
let  him  experiment  to  his  heart’s  content.  The  boy’s 
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name  was  Michael  Faraday  and,  when  he  grew  to  man¬ 
hood,  he  became  a  great  scientist ;  greater,  even,  than 
the  good  Sir  Humphry  Davy,  to  whom  he  owed  much 
of  his  success. 

Faraday  had  many  adventures  in  electricity  and  he 
made  many  useful  discoveries  but  the  most  important 
of  all  was  his  discover}"  of  the  principle  of  magnetic 
induction.  What  is  this  principle  and  why  is  it  of  so 
much  importance  to  us  ? 

Demonstration.  To  show  that  moving  a  magnet  near  a 
coil  of  wire  causes  an  electric  current  to  flow  in  the  coil. 

Connect  the  ends  of  a  coil  of 
wire  to  the  binding  posts  of 
a  galvanometer.  The  galva¬ 
nometer  is  an  instrument  for 
measuring  the  intensity  and 
for  detecting  the  direction  of 
an  electric  current.  When  a 
current  is  flowing  through 
the  galvanometer,  the  needle 
of  the  galvanometer  moves 
to  the  left  or  right  of  the 
vertical,  or  zero,  position. 
When  the  current  stops  flow¬ 
ing,  the  needle  returns  to  its 
vertical  position.  Move  a  bar 
magnet  along  the  coil  from 
one  end  to  the  other  without  actually  touching  the  coil. 
What  happens  to  the  needle  of  the  galvanometer?  What 
does  this  indicate?  Note  the  direction  in  which  the  needle 
moves.  Now  move  the  magnet  along  the  coil  in  the  oppo¬ 
site  direction.  In  what  direction  does  the  needle  now  move  ? 


As  the  magnet  is  moved  along  the 
coil,  how  does  the  needle  of  the  gal¬ 
vanometer  behave  ? 
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Withdraw  the  magnet  and  note  the  position  of  the  galva¬ 
nometer  needle. 

Write  up  the  demonstration  in  your  science  note¬ 
book,  giving  your  conclusions.  One  reason  that  we 
know  so  much  about  Michael  Faraday  is  that  he  kept 
a  science  notebook  in  which  he  described  more  than 
sixteen  thousand  experi¬ 
ments  performed  by  him¬ 
self.  It  was  Faraday’s 
ability  to  write  good  science 
notes  that  got  him  his  job 
as  Davy’s  assistant. 

The  current  produced  in 
the  coil  by  the  action  of  the 
magnetic  field  is  an  induced 
current  .  Just  as  magnetism 
majr  be  induced  in  a  piece 
of  iron  when  a  magnet  is 
brought  near  the  iron,  so  a  current  of  electricity  is 
induced  in  a  coil  of  wire  when  a  magnet  is  moved 
near  the  coil. 

You  will  notice  that  three  things  are  necessary  in 
order  to  induce  a  flow  of  electricity  in  the  coil :  a  coil 
of  wire,  a  magnetic  field,  and  motion. 

Demonstration.  To  show  that  moving  a  coil  of  wire 
near  a  magnet  causes  an  electric  current  to  flow  in  the  coil. 

Repeat  the  demonstration  with  the  magnet  and  the  coil  on 
page  68,  this  time  keeping  the  magnet  stationary  and  mov¬ 
ing  the  coil.  Move  the  coil  first  in  one  direction  along  the 
magnet  and  then  in  the  opposite  direction.  Note  the  behav- 


A  galvanometer.  For  what  is  it  used  ? 
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ior  of  the  galvanometer  needle.  Has  a  current  been  induced 
in  the  coil  ? 

The  strength  of  the  induced  current.  The  true  sci¬ 
entist  is  never  satisfied  with  the  results  merely  of  one 
demonstration.  He  tries  over  and  over  again  to  make 
sure  that  what  happens  is  not  pure  accident  and  to 
see  whether  the  same  conditions  always  produce  the 
same  results.  Then  he  varies  the  conditions  to  see 
what  happens.  That  is  how  Faraday  piled  up  a  record 
of  more  than  sixteen  thousand  experiments.  Let  us 
do  this  in  connection  with  producing  induced  cur¬ 
rents.  How  can  we  vary  the  conditions?  We  can 
change  the  number  of  turns  of  wire  on  the  coil,  we  can 
try  magnets  of  different  strengths,  and  we  can  move 
the  magnet  or  the  coil  faster  or  slower. 

Demonstration.  To  show  that  the  strength  of  the  in¬ 
duced  current  depends  upon  the  strength  of  the  magnet. 

Repeat  the  demonstration  with  the  coil  and  magnet,  using 
a  number  of  bar  magnets  of  different  strengths.  In  each 
case  note  how  far  the  needle  of  the  galvanometer  moves  from 
the  vertical,  or  zero  position.  What  effect  has  the  strength 
of  the  magnet  upon  the  strength  of  the  induced  current? 

Demonstration.  To  show  that  the  strength  of  the  induced 
current  depends  upon  the  number  of  turns  of  wire  in  the 
coil.  Using  only  one  magnet,  repeat  the  demonstration, 
using  coils  with  various  numbers  of  turns  of  wire.  Read 
the  galvanometer  to  see  how  strong  a  current  is  induced  by 
each  of  the  coils.  How  does  the  number  of  turns  of  wire 
affect  the  strength  of  the  induced  current? 

Demonstration.  To  show  that  the  strength  of  the  induced 
current  depends  upon  the  speed  of  motion  of  the  magnet  or 
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coil.  Move  the  magnet  (or  the  coil)  at  various  speeds  and 
note  the  reading  of  the  galvanometer  in  each  case.  Which 
produces  a  current  of  greater  strength,  the  rapid  motion  of 


In  which  of  these  is  a  stronger  current  induced  ?  Why  ? 


the  magnet  or  coil  or  the  slow  motion  of  the  magnet  or 
coil? 

Faraday’s  principle  of  magnetic  induction  is  used 
in  many  electrical  devices.  It  is  found  in  the  gen¬ 
erator,  in  the  transformer,  in  the  induction  coil,  in  the 
telephone,  in  the  electric  motor,  in  the  radio,  and  in 
many  other  electrical  machines.  Most  of  these  devices 
will  be  explained  more  fully  in  the  pages  that  follow. 
When  we  fully  realize  the  importance  of  Faraday’s 
discovery,  we  shall  be  quite  willing  to  agree  with 
Sir  Humphry  Davy,  who  said  that  of  all  the  discov¬ 
eries  he  made,  the  greatest  was  the  discovery  of  Michael 
Faraday. 
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Summary 

Moving  a  magnet  near  a  coil  of  wire  causes  an  electric 
current  to  flow  in  the  coil. 

Moving  a  coil  of  wire  near  a  magnet  causes  an  electric 
current  to  flow  in  the  coil. 

The  strength  of  an  induced  current  depends  upon 

a.  the  strength  of  the  magnet. 

b.  number  of  turns  of  wire  in  the  coil. 

c.  the  speed  of  the  motion  of  the  magnet  or  the  coil. 

The  principle  of  induced  currents  is  applied  in  the  con¬ 
struction  and  action  of  many  important  electrical  devices. 


Questions 

1.  What  is  a  galvanometer? 

2.  How  does  the  galvanometer  indicate  the  strength  of 
an  electric  current  ? 

3.  State  briefly  Faraday’s  principle  of  magnetic  induc¬ 
tion. 

4.  How  does  the  direction  in  which  a  magnet  is  moved 
along  a  coil  of  wire  affect  the  direction  of  the  induced  cur¬ 
rent  in  the  coil  ? 

5.  What  three  things  are  necessary  in  order  to  induce  a 
flow  of  electricity  in  a  coil  of  wire  ? 

6.  Name  three  devices  in  which  Faraday’s  principle  of 
magnetic  induction  is  used. 

7.  What  does  the  word  induction  mean? 

8.  About  when  did  Faraday  live? 

9.  In  whose  laboratory  did  Faraday  work  as  an  assist¬ 
ant? 

10.  Mention  one  advantage  of  Faraday’s  method  of  pro¬ 
ducing  electric  current  over  the  method  which  employs  dry 
cells. 
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Supplementary  Demonstrations  and  Projects 

1.  Construct  a  simple  galvanometer. 

2.  The  earth  is  a  magnet.  Therefore,  if  a  coil  of  wire  is 
rotated  rapidly  in  the  earth’s  magnetic  field,  a  current  should 
be  induced  in  the  coil.  Try  an  experiment  to  show  that 
this  is  so. 

3.  Write  an  account  of  Faraday’s  discovery  of  the  prin¬ 
ciple  of  magnetic  induction. 


R.  SCI.  BK.  THREE  —  6 


Dam  at  Lawrence,  Mass.  Explain  how  the  water  is  used  to  operate  generators. 


PROBLEM  VII 

WHAT  IS  AN  ELECTRIC  GENERATOR  AND 
HOW  DOES  IT  WORK? 

Perhaps  while  you  were  performing  some  of  the 
demonstrations  described  in  this  book,  ringing  bells 
and  lighting  small  lamps  by  means  of  dry  cells  or  home¬ 
made  wet  batteries,  you  were  wondering  how  enough 
current  is  produced  to  light  all  the  homes  and  other 
buildings  of  a  great  city,  to  run  all  the  electric  trains 
in  the  subway,  or  to  drive  the  thousands  of  powerful 
machines  that  are  used  in  business.  Dry  cells  and 
storage  batteries  will  do  well  enough  for  operating 
door  bells,  automobiles,  or  radio  tubes,  but  where  we 
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want  great  power  the  electric  generator  is  used.  The 
generator  makes  use  of  Faraday’s  principle  and  if 
Faraday’s  work  resulted  in  nothing  more  than  the 
invention  of  the  generator,  he  would  have  done  enough 
in  the  field  of  electricity  to  stamp  him  as  a  great  scien¬ 
tist. 

You  have  learned  that  electrical  currents  may  be 
induced  when  three  necessary  conditions  are  combined  : 
a  magnet  'producing  a  magnetic  field,  a  coil  of  wire,  and 
a  movement  of  the  coil  in  the  magnetic  field.  These 
necessary  conditions  are  combined  in  the  generator. 

With  a  closed  loop  of  copper  wire  mounted  on  a 
small  shaft  so  that  it  can  be  made  to  rotate  rapidly 
between  the  north  and  south 
poles  of  a  bent  magnet,  the 
principle  of  the  generator 
can  be  demonstrated. 

When  the  loop  is  in  a  hori¬ 
zontal  position,  it  is  cutting  „  . ..  . , 

^  ’  0  Note  the  direction  of  the  current  for 

the  lines  of  magnetic  force  ious  p°sitions  of  the  stating  loop 

°  of  wire. 

between  the  poles  of  the 

magnet.  This  causes  a  current  of  electricity  to  be 
induced  in  the  coil.  The  direction  of  the  flow  of 
the  current  depends  on  the  direction  of  rotation  of  the 
loop,  and  the  position  of  the  poles  of  the  magnet. 
The  figure  indicates  the  direction  of  the  current  when 
the  loop  is  turned  toward  the  left. 

Mechanical  energy  rotating  a  closed  loop  of  wire  in  a 
magnetic  field  has  thus  been  converted  into  electrical 
energy. 
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When  the  loop  is  given  a  half  turn,  rotating  through 
180  degrees,  it  is  once  more  in  a  horizontal  position, 
but  the  direction  of  the  current  in  the  left  and  right 
sides  of  the  loop  is  now  reversed.  A  current  that 
leaves  such  a  rotating  loop  thus  reverses  its  direction 
at  ever}T  half  turn  of  the  loop. 

If  each  end  of  the  ware  that  forms  the  loop  termi¬ 
nates  in  a  ring  attached  to  the  shaft,  small  pieces  of 

metal  may  be  permitted  to 
touch  these  rings  as  they 
rotate,  as  shown  in  the  figure. 

These  metal  pieces  then 
carry  off  into  an  outside 
circuit,  a  current  that  is 
reversed  in  direction  with 

How  a  current  is  generated  by  a  every  half  turn  of  the  loop, 
closed  loop  of  wire  rotating  between  _  •  n  i 

the  poles  of  a  magnet.  buch  a  current  is  called  an 

alternating  current. 

The  device  just  described  is  a  simple  generator. 
The  magnet  is  known  as  the  field  magnet,  and  the 
revolving  coil  is  the  armature.  The  small  pieces  of 
metal  that  carry  the  current  off  into  the  outside  cir¬ 
cuit  are  the  brushes.  Of  course  there  must  be  some 
mechanical  device  to  make  the  armature  rotate  rapidly. 
This,  in  large  generators,  is  generally  done  by  steam 
engines,  gasoline  engines,  or  water  power. 

If,  instead  of  an  alternating  current,  a  direct  current 
is  wanted,  a  device  known  as  a  commutator  is  used. 
This  is  an  arrangement  that  carries  off  into  the  out¬ 
side  circuit  a  current  that  flows  in  one  direction,  thus 
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resulting  in  an  induced  current  that  is  direct  instead 
of  alternating. 

In  the  case  of  the  commercial  generator,  the  arma¬ 
ture  and  the  commutator  are  not  so  simple  as  those 
just  described,  but 
they  work  on  the 
same  principle. 

The  field  magnets, 
too,  vary  in  form, 
from  the  two-pole 
type  to  the  many, 
or  multipolar  type, 
shown  in  the  illus¬ 
tration,  used  for 
generating  greater 
power. 

x  , -i  -  A  multipolar  generator.  What  parts  can  you  name  ? 

vj6HGr9;iors 

have  permanent  magnets  are  called  magnetos.  Other 
generators  have  electromagnets. 

For  house-lighting  systems,  ah  alternating  current  of 

110  volts  is  usually 
used. 

Demonstration.  To 
learn  how  a  magneto 
works.  Locate  the 
permanent  magnet. 
What  work  does  it  per¬ 
form  in  the  magneto? 
Locate  the  armature. 
What  device  is  provided 

Why  is  this  called  a  two-pole  generator  ?  to  make  the  armature 


Field.  \ 
magneiT 


Ma 


coa 
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move  in  the  field  of  the  magnet  ?  Loeate  the  brushes  and  the 
commutator.  Follow  the  wires  leading  to  the  moving  coil 
through  the  brushes  and  the  collecting  rings  (commutator). 
Attach  wires  to  a  20-watt  tungsten  lamp.  Operate  the 
magneto  so  as  to  light  the  lamp. 

Demonstration.  To  identify  the  important  parts  of  a 
generator.  Locate  the  electromagnet,  the  armature  coil, 
the  brushes,  and  the  commutator.  What  makes  the  arma¬ 
ture  rotate  ?  Where  are  the  wires  that  carry  off  the  current  ? 

The  generator  produces  most  of  the  high-power 
current  used.  Induced  current,  such  as  is  obtained 
by  using  generators,  is  far  cheaper  than  current  that 
is  obtained  by  using  batteries.  Thus,  for  producing 
a  great  deal  of  electrical  energy  the  generator  is  every¬ 
where  replacing  the  battery. 

Power  houses.  The  building  in  which  electrical 
energy  is  produced  is  called  a  power  house.  This  may 
consist  merely  of  a  steam  engine  or  a  gasoline  engine 
that  turns  a  generator.  In  a  small  power  plant  of 
this  kind  enough  electricity  may  be  generated  to  light 
a  house  and  to  operate  all  the  electrical  apparatus  in  a 
building. 

Water  power.  In  order  to  generate  very  large 
amounts  of  electricity,  sufficient  to  supply  lighting  for 
a  town  or  city  or  to  operate  an  electric  railroad,  huge 
power  houses  with  giant  generators  are  built.  These 
generators  need  a  great  deal  of  power  to  operate  them 
and  tremendous  amounts  of  fuel  are  required  to  drive 
the  engines  that  turn  these  generators.  The  increased 
cost  of  fuel  and  the  rapidly  diminishing  supply  of  such 
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Generators  at  Niagara  Falls.  Where  is  the  water  that  turns  these  generators  ? 

fuels  as  coal  and  oil  have  turned  man’s  attention  to 
water  as  a  source  of  power.  Thus  rapid  streams  and 
waterfalls  are  utilized  to  turn  water  turbines  which, 
in  turn,  operate  the  great  generators  that  supply 
electrical  energy. 

Hydroelectric  plants.  You  have  already  learned 
about  hydroelectric  plants  —  power  houses  in  which 
water  power  is  converted  into  electrical  energy.  The 
hydroelectric  plant  at  Niagara  Falls  supplies  light, 
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heat,  and  power  throughout  a  great  part  of  New  York 
State.  The  Muscle  Shoals  plant  in  Alabama  will, 
when  completed,  be  larger  than  any  other  in  the  United 
States.  The  St.  Lawrence  River  project,  which  in¬ 
cludes  the  proposed  erection  of  a  hydroelectric  plant 
at  Long  Sault  Rapids,  will,  if  erected,  be  larger  than 
the  Muscle  Shoals  plant. 

The  rapidly  disappearing  supply  of  fuel,  the  low 
price  of  water  power,  and  the  fact  that  only  about 
15  per  cent  of  the  water  power  in  the  United  States  is  at 
present  being  used,  points  to  the  future  development 
of  hydroelectric  plants  on  a  larger  and  larger  scale. 
These  great  power  plants  require  huge  generators  that 
do  vastly  more  work  than  Faraday  could  have  dreamed 
possible.  We  cannot  help  wondering  what  Faraday 
would  say  if  he  could  suddenly  return  to  life  and  see 
one  of  the  giant  generators  in  the  great  electric  power 
houses  of  today. 


Summary 

Electric  currents  may  be  induced  when  three  necessary 
things  are  combined:  a  magnet  producing  a  magnetic 
field,  a  coil  of  wire,  and  a  movement  of  the  coil  in  the 
magnetic  field. 

Mechanical  energy  may  be  converted  into  electrical 
energy. 

The  necessary  parts  of  a  generator  are  source  of  power, 
field  magnets,  armature,  and  commutators  and  brushes. 

The  generator  produces  current  by  magnetic  induction. 

The  generator  produces  most  of  the  high-power  current 
used. 
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How  Much  Have  You  Learned? 

Which  of  the  following  statements  are  true  and  which 


A  generator  is  a  machine  that  produces  electric¬ 
ity. 

Field  magnets  are  magnets  used  on  farms. 

Field  magnets  may  be  permanent  magnets. 

Field  magnets  may  be  electromagnets. 
Generators  make  use  of  Faraday’s  principle  of 
magnetic  induction. 

High-power  current  is  produced  by  generators. 
The  armature  may  be  turned  by  hand. 

Current  generated  by  batteries  is  cheaper  than 
that  produced  by  generators. 

City  homes  are  lighted  by  current  produced  in 
the  cellar. 

Commutators  are  people  who  ride  back  and 
forth  in  trains. 

Water  power  is  used  to  drive  most  of  the  gener¬ 
ators  in  New  York  City. 

The  core  of  an  armature  is  made  of  steel. 

Steam  turbines  generate  electric  current. 
Mechanical  energy,  turning  an  armature,  may 
be  converted  into  electrical  energy  in  a  gen¬ 
erator. 

To  generate  an  alternating  current,  generators 
must  be  supplied  with  commutators. 

Brushes  are  used  for  cleaning  the  armature. 

Gas  engines  may  be  used  to  drive  generators. 

A  power  house  is  a  building  in  which  electrical 
power  is  generated. 

Water  power  solves  the  problem  of  the  shortage 
of  fuel  for  operating  generators. 

There  is  a  hydroelectric  plant  at  Niagara  Falls. 


are  false  ? 

T.  F. 
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2. 
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Supplementary  Demonstrations  and  Projects 

1 .  Take  apart  a  toy  generator ;  mount  the  parts  on  a  board 
and  label  them. 

2.  Take  apart  and  reassemble  (put  together  again)  a 
magneto. 

3.  Write  a  composition  on  the  transmission  of  electric 
power  over  great  distances. 


Keystone  —  Underwood 

What  electric  currents  make  possible. 


PROBLEM  VIII 

IN  WHAT  WAYS  ARE  ELECTRIC  CURRENTS 
ALIKE?  HOW  DO  THEY  DIFFER? 

What  a  change  electricity  has  wrought  in  our  mode 
of  living !  What  marvelous  contrivances  for  the  com¬ 
fort  and  pleasure  of  man  have  been  devised  in  the 
short  time  since  the  electric  current  was  discovered ! 
Considering  how  much  we  use  it,  we  really  know  very 
little  about  electricity.  What  causes  it  to  race  with 
such  unbelievable  speed  through  miles  and  miles  of 
copper  wire,  bent  and  twisted  and  coiled  into  any 
shape  ?  We  can  make  it  and  we  can  use  it,  but  what 
it  really  is  remains  a  mystery. 
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Electric  currents  may  be  caused  to  flow  through 
wires.  Scientists  tell  us  that  all  matter  is  made  up  of 
very  small  particles  of  electricity  known  as  electrons. 
Wire  used  in  electrical  devices,  like  all  other  substances, 
contains  billions  of  electrons.  Under  normal  condi¬ 
tions  these  electrons  are  more  or  less  at  rest  but  bat¬ 
teries  and  generators  cause  a  chemical  action  which 
results  in  a  rush  of  electrons  away  from  one  electrode 
and  toward  the  other.  The  electrode  toward  which 
the  electrons  rush  now  has  too  many  electrons  and 
the  other  electrode  has  two  few.  This  causes  a  differ¬ 
ence  in  electrical  pressure  and  electrons  begin  to  flow 
through  the  wire  from  the  place  of  high  pressure  (the 
electrode  that  has  too  many  electrons)  to  the  place  of 
low  pressure  (the  electrode  that  has  too  few  electrons). 
Thus  an  electric  current  flows  through  a  wire  very 
much  as  water  flows  through  a  pipe  from  a  higher  to 
a  lower  level. 

You  have  already  learned  that  a  current  can  flow 
only  when  there  is  a  continuous  and  unbroken  path 
away  from,  and  back  to,  the  source  of  current.  You 
also  know  that  this  continuous  path  is  known  as  the 
circuit.  To  recall  these  facts  about  electric  currents 
read,  again,  the  statements  on  page  55. 

Demonstration.  To  show  that  a  current  flows  only 
when  there  is  a  continuous  circuit.  Connect  a  dry-cell 
batten-  with  an  electric  bell  so  that  the  bell  rings.  Break 
the  circuit  by  disconnecting  one  of  the  battery  wires.  What 
happens?  Repair  the  break.  What  happens?  Disconnect 
the  wire  attached  to  one  of  the  binding  posts.  What  hap- 
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pens  ?  Restore  the 
connection.  Note 
the  result.  What 
may  you  conclude 
from  these  tests? 


You  can  readily 
understand  that 
there  are  times 
when  it  is  desir¬ 
able  to  make  or  break  a  circuit  at  will.  There  are 
various  devices  that  help  us  to  do  this,  such  as  keys, 
push  buttons,  switches,  and  fuses. 

In  the  telegraph  instrument  a  key  is  placed  in  the 

circuit.  When  the  key 
is  pressed  down,  the 
gap  in  the  circuit  is 
closed,  the  circuit  is 

A  telegraph  key.  Explain  how  it  works.  Name  COntinUOUS,  and  the  CUr- 
the  parts  labeled  K  and  S.  .  n  TTT-.  , 

rent  nows.  When  the 
key  is  released,  the  gap  is  once  more  open,  the  circuit 
is  broken,  and  the  current  ceases  to  flow. 

The  push  button  of  the  door  bell  serves  a  similar 
purpose.  When  the  push 
button  is  pressed,  a  gap  in 
the  circuit  is  closed,  making 
the  circuit  continuous.  The 
current  flows  and  the  bell 
rings.  When  the  push  button  is  released,  the  gap  is 
restored,  the  circuit  is  broken,  and  the  current  ceases 
to  flow. 


A  push  button.  How  does  it  work? 
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The  switch  works  very  much  like  the  telegraph  key 
except  that  it  does  not  spring  back  into  place  when 
released.  You  are  familiar  with  the  switch  that 
turns  your  house  lights  on  and  off.  When  the  white 
button  is  pressed,  the  circuit  is  closed  and  the  cur¬ 
rent  flows,  causing  the  lights  to  go  on.  When  the 
black  button  is  pushed,  the  circuit  is  broken,  the 
current  ceases  to  flow,  and  the  lights  go  out.  An¬ 
other  type  of  switch  is  the  one  that  is  used  in  toy 
electrical  railroads. 

Fuses  are  made  of  wire  that  melts  at  low  tempera¬ 
tures.  Sometimes  the  electric  wires  in  the  home 


become  heated  to  a  dangerous 
degree.  When  this  happens,  the 
wire  in  the  fuse  melts,  causing  a 


contact  break  in  the  circuit.  The  fuse  as  a 
safety  device  will  be  discussed  more 

>ovcekrin 

fully  later. 


Electrons  move  very  readily 


through  some  substances.  Such  substances  are  known 
as  good  conductors  of  electricity.  Other  substances 
resist  the  flow  of  electrons.  These  substances  are 
known  as  poor  conductors. 

Demonstration.  To  show  which  materials  are  good  and 
which  materials  are  poor  conductors  of  electricity.  Con¬ 
nect  wires  to  an  electric  bell  and  to  a  cell,  as  shown  in  the 
illustration.  Close  the  circuit  to  test  the  cell.  If  the  bell 
rings,  you  may  go  on  with  the  experiment.  Collect  speci¬ 
mens  of  the  substances  to  be  tested :  rubber,  iron,  paper, 
wood,  glass,  copper,  and  other  substances.  Insert  each 
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specimen  in  turn  between  the  free 
ends  of  the  wires,  making  it  part 
of  the  circuit.  Does  the  bell  ring 
in  each  case  ?  Which  are  good 
and  which  are  poor  conductors  of 
electricity?  List  these  and  com¬ 
pare  with  known  results. 


Most  metals  and  some  liquids 
are  good  conductors.  Poor  conductors  are  sometimes 
called  non-conductors  or  insulators. 


Good  Conductors 
copper 
iron 
brass 
silver  leaf 
acids 

water  with  acid  or  salt 
most  moist  objects 


Poor  Conductors 
glass 
rubber 
.  silk 

porcelain 
dry  wood 
dry  air 
bakelite 


Insulators.  In  Science  Related  to  Life,  Book  II,  you 
learned  that  substances  that  are  very  poor  conductors 
of  heat  may  be  used  as  insulators.  An  insulator  of 
heat  is  a  substance  which  does  not  readily  permit  heat 
to  pass  through  it.  In  a  similar  way,  very  poor  con¬ 
ductors  of  electricity  may  be  used  as  insulators  where 
we  do  not  wish  to  permit  the  current  to  pass  through. 
Some  good  insulators  are  tape,  silk,  glass,  wood,  rub¬ 
ber,  bakelite,  porcelain,  and  dry  air.  Rubber,  silk, 
and  tape  are  often  used  to  cover  wares.  Examine 
several  pieces  of  insulated  electric  ware  to  find  out 
what  material  has  been  used  as  insulation.  Glass  and 
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porcelain  are  used  as  insulators  to  protect  bare  electric 
wires  from  coming  into  contact  with  other  conductors. 


"Wood  sDlate 


Insulating  material.  Can  you  tell  a  use  for  each  of  these  ? 


If  there  is  a  telegraph  pole  near  your  home  or  a  pole 
carrying  telephone  wires,  you  may  see  how  the  wires 
are  made  to  pass  around  glass  or  porcelain  insulators. 

You  will  also  find  por¬ 
celain  used  as  an  insu¬ 
lator  if  you  take  apart 
an  electric  light  socket. 
Bakelite,  a  substance 
named  for  Henry  Bake- 
land,  its  discoverer,  is 
^  an  excellent  insulator 

Why  are  the  telegraph  wires  made  to  pass 
around  the  glass  insulators  attached  to  the  Jg  US6Cl  111  CGrtHlll 

crossarm  of  the  telegraph  pole  ? 

parts  of  automobile 
engines  where  electric  wires  (of  the  ignition  system) 
end.  Wood  is  f requently  used  for  making  handles  of 
electrical  devices  such  as  the  electric  iron,  the  electric 
toaster,  and  the  electric  vacuum  cleaner. 
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Currents  may  differ  in  the  direction  of  flow,  and  in 
strength.  You  have  learned  that  the  brushes  of  a 
generator  carry  off  into  an  outside  circuit  a  current 
that  is  reversed  in  direction  with  every  half  turn  of 
the  loop  armature  (see  page  76).  You  will  remember 
that  such  a  current  is  known  as  an  alternating  current. 
If  a  direct  current  is  wanted,  that  is,  a  current  that 
flows  continuously  in  one  direction,  commutators  must 
be  used.  Cells  and  batteries,  and  direct  current  gen¬ 
erators  are  sources  of  direct  current.  Since  direct  cur¬ 
rent  is  rather  a  long  name,  we  indicate  such  a  current 
by  the  abbreviation,  D.  C.  Magnetos  and  alternating 
current  generators 
are  sources  of  alter¬ 
nating  current.  Such 
currents  are  indi¬ 
cated  by  the  abbrevi¬ 
ation,  A.  C. 

Demonstration. 

1.  To  show  the  flow  of 
direct  current.  Con¬ 
nect  a  battery  of  dry 
cells  to  a  small  motor,  Measuring  the  flow  of  current, 

through  an  ammeter . 

An  ammeter  is  an  instrument  for  measuring,  in  amperes, 
the  amount  or  flow  of  a  current.  Perhaps  you  have  heard  it 
called  by  the  name  “  battery  tester.”  Note  the  movement 
of  the  pointer  of  the  ammeter.  It  moves  in  one  direction 
from  the  vertical,  or  zero  reading.  This  indicates  that  the 
current  flows  in  one  direction  only.  What  kind  of  current 
is  it,  direct  or  alternating  ? 

R.  SCI.  BK.  THREE  —  7 
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2.  To  show  the  flow  of  an  alternating  current.  Connect 
an  A.  C.  hand-operated  magneto  to  a  motor  through  the 
ammeter.  Turn  on  the  current  and  watch  the  pointer  of 
the  ammeter.  As  the  generator  begins  to  turn,  the  pointer 
of  the  ammeter  moves  a  certain  distance  to  the  right,  goes 
back  through  zero,  moves  an  equal  distance  to  the  left,  and 
returns  to  the  zero  position,  all  while  the  armature  of  the 
generator  makes  one  complete  turn.  Of  course  the  pointer 
does  not  remain  at  zero,  but  continues  to  oscillate  (move 
quickly  back  and  forth).  This  indicates  that  the  current 
flows  first  in  one  direction  and  then  in  the  opposite  direc¬ 
tion.  Is  it  a  direct  current  or  an  alternating  current? 

A  hand-operated  magneto  (generator)  is  used  so  that 
the  armature  may  be  turned  slowly.  In  a  generator 
operated  by  machine,  the  oscillations  would  be  so  rapid 
that  the  eye  could  not  follow  them. 

When  a  current  constantly  changes  in  strength  but 
flows  always  in  the  same  direction,  it  is  known  as  a 
variable  current.  Variable  means  changing. 

Demonstration.  To  show  how  a  current  may  vary  in 
strength.  Connect  one  side  of  a  dry  cell  to  an  ammeter 
terminal  and  the  other  terminal  of  the  ammeter  to  a  large 
carpenter's  file.  Attach  one  end  of  a  wire  to  the  other  side 
of  the  dry  cell  and  slide  the  free  end  of  this  wire  along  the 
file,  as  shown  in  the  illustration.  Note  the  movement  of  the 
ammeter  pointer.  Does  it  always  remain  on  one  side  of 
the  zero  point?  What  does  this  show?  Is  it  always  the 
same  distance  from  the  zero  point?  What  does  this  show? 

Such  a  current  is  known  as  a  variable  current.  It  is 
also  known  as  a  fluctuating  current,  because  it  wavers, 
or  flickers,  very  much  as  the  light  of  a  candle  flickers 
or  fluctuates. 
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Measuring  electricity.  How  often  have  you  looked 
up  at  the  electric  meter  in  your  home  and  wondered 
how  the  amount  of  electricity  you  use  is  measured? 
Perhaps  you  are  even  able  to  read  the  meter  and  to 
tell  in  advance  how  big  your  electric  bill  for  the  month 
is  going  to  be.  In  order  to  understand  the  meter 
thoroughly,  it  may  be  advisable  to  review  the  meaning 


What  kind  of  current  is  produced  in  the  galvanometer  ? 


of  several  units  of  measure  of  electricity  and  to  explain 
a  few  new  units. 

Volts.  The  pressure  of  the  electric  current  is,  as 
you  know,  measured  in  volts.  A  current  of  110  volts 
is  generally  used  for  lighting  the  home.  High  voltage 
is  needed  to  operate  large  motors.  Automobile  lights 
need  only  about  six  volts  to  operate  them.  The  pres¬ 
sure  of  a  current  is  due  to  the  difference  between  the 
action  of  the  electrolyte  on  the  positive  and  the 
negative  electrodes.  The  greater  this  difference,  the 
greater  the  pressure,  or  voltage. 
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Amperes.  The  strength  of  the  current,  or  the 
amount  of  the  flow,  is  measured  in  amperes,  a  word 
coined  in  honor  of  the  great  French  pioneer  in  elec¬ 
tricity,  .Andre  Ampere.  Electric  lights  generally  oper¬ 
ate  on  low  amperage,  whereas  heating  appliances,  such 
as  toasters  and  electric  irons,  require  stronger  currents, 
that  is,  higher  amperage. 

Watts.  If  we  multiply  the  number  of  volts  (electric 
pressure)  by  the  number  of  amperes  (current  strength), 


the  result  is  the 
number  of  watts. 
The  watt  is  the 
unit  of  measure  of 
power  of  the  cur¬ 
rent  used,  and  is 
so  called  in  honor 
of  James  Watt,  a 
Scottish  inventor. 


Can  you  read  this  meter? 


Watt-hours.  The  amount  of  electrical  energy  repre¬ 
sented  by  a  current  of  one  watt  used  for  a  period  of 
one  hour,  is  called  a  watt-hour.  Current  is  usually 
sold  to  the  consumer  in  kilowatt-hours,  that  is,  thou- 
sand-watt-hours. 

Cost  of  current.  Every  electric  lamp  (bulb)  is 
labeled  with  the  number  of  watts  it  consumes.  Thus, 
a  40-watt  lamp  consumes  40  watts  in  an  hour;  a  60- 
watt  lamp  uses  60  watts  per  hour.  In  a  thousand 
hours,  a  60-watt  lamp  will  use  60  kilowatt-hours  of 
current.  At  the  rate  of  7  cents  per  kilowatt-hour,  this 
current  would  cost  60  X  7  cents,  or  $4.20.  To  burn 
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this  60-watt  lamp  for  one  hour  would  cost  .42,  or  less 
than  half  a  cent. 

For  the  same  amount  of  light,  electricity  costs  only 
half  as  much  as  kerosene  and  only  one  tenth  as  much 
as  candle  light. 

Demonstration.  How  to  read  the  meter.  Now  examine 
the  dials  on  your  electric  meter.  The  last  dial  records 
10  kilowatt-hours,  and  the  index  on  this  dial,  of  course, 
moves  10  times  as  rapidly  as  the  index  of  the  dial  next  to 
it.  Just  under  these  dials  on  the  meter,  you  will  find  a  metal 
disk  with  a  notch  in  it.  When  current  is  being  used,  this 
disk  revolves.  You  can  note  the  speed  by  counting  the 
number  of  times  the  notch  passes  your  eye  in  a  given  time. 
When  two  lights  of  equal  size  are  used,  the  disk  travels 
twice  as  fast  as  when  only  one  light  is  being  used.  Note 
how  much  faster  the  disk  revolves  when  heating  devices, 
such  as  the  electric  toaster  or  the  electric  iron  are  used. 


Summary 

Electric  current  may  be  made  to  flow  through  wires. 

Current  flows  only  when  there  is  a  continuous  circuit. 

Materials  differ  as  to  the  resistance  they  offer  to  the  flow 
of  currents. 

Currents  may  differ  in  the  direction  of  flow,  and  in  the 
strength. 

Electric  meters  show  how  much  current  is  used. 

How  Much  Have  You  Learned? 

Before  each  of  the  following  statements,  write  the  number 
corresponding  to  the  word  which  correctly  fits  the  state¬ 
ment.  Do  this  on  a  sheet  of  paper  so  as  not  to  mar  the 
book. 
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1.  ampere 

2.  electrons 

3.  generator 

4.  circuit 

5.  insulator 


6.  ammeter 

7.  voltage 

8.  watts 

9.  kilowatt-hours 

10.  alternating  current 


If  we  multiply  the  number  of  volts  in  a  current  by  the 

number  of  amperes,  the  result  is  the  number  of - in  the 

current. 

All  matter  is  supposed  to  be  made  up  of  very  small  particles 
of  electricity  known  as - . 

A  generator  that  has  no  commutator  produces  an - . 

The - is  the  unit  of  measure  of  the  flow  of  a  current. 

The  pressure  of  a  current  is  its - . 

Bakelite  is  an  excellent - of  electricity. 

The  current  we  pay  for  is  measured  in  units  known  as - . 

The  magneto  is  one  type  of - . 

The - is  an  instrument  for  measuring  the  strength  of 

a  current. 

A  current  can  flow  only  when  there  is  a  continuous - . 


Questions 

1.  What  is  the  difference  between  a  current  and  a  cir¬ 
cuit  ? 

2.  Name  two  good  and  two  poor  conductors  of  electricity. 

3.  What  is  meant  by  the  statement  that  a  substance  is 
a  good  insulator? 

4.  Name  two  good  insulators. 

5.  Name  two  devices  that  may  be  used  as  circuit 
breakers. 

0.  Define  ampere,  volt,  watt,  kilowatt-hour. 

7.  Name  the  three  scientists  in  whose  honor  the  units  of 
measure  mentioned  in  question  6  were  coined. 

8.  For  what  is  the  electric  meter  used  ? 
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9.  Explain  how  a  fuse  works. 

10.  For  what  is  a  commutator  used? 

11.  What  is  meant  by  a  variable  current? 

12.  How  does  the  cost  of  electricity,  for  the  same  amount 
of  light,  compare  with  the  cost  of  kerosene  and  candles? 

Supplementary  Demonstrations  and  Projects 

1.  Read  your  electric  meter  at  the  beginning  and  at  the 
end  of  the  month  and  figure  the  cost  of  the  current. 

2.  Melt  a  piece  of  fuse  wire  in  a  match  flame  to  show  the 
low  melting  point  of  the  fuse  wire. 

3.  Measure  the  voltages  and  amperages  of  various  cur¬ 
rents  obtained  from  dry  cell  batteries. 


4 


Keystone  —  Underwood 

Giant  transformers  are  used  in  power  transmission  stations. 


PROBLEM  IX 

HOW  MAY  ONE  KIND  OF  CURRENT  BE  EM¬ 
PLOYED  IN  ORDER  TO  OBTAIN  ANOTHER 
CURRENT  OF  A  MORE  USEFUL  KIND? 

You  have  learned  that  generators  in  power  houses 
produce  powerful  currents  that  are  transmitted  through 
wires  to  perform  work,  often  at  great  distances  from 
the  power  house.  The  wires  through  which  the  cur¬ 
rent  is  sent  resist  the  passage  of  the  current.  The 
greater  the  distance  through  which  the  current  travels, 
the  greater  the  resistance.  In  order  to  overcome  this 
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resistance  a  current  of  very  high  pressure  (voltage)  is 
necessary.  Is  there  some  way  in  which  the  current 
produced  by  the  generator  can  be  changed  to  a  current 
with  a  higher  voltage  ?  There  is,  and  the  device  that 
performs  this  useful  task  is  known  as  the  induction 
coil .  Once  again  we  must  give  credit  to  Michael 
Faraday,  for  the  induction  coil,  like  the  generator, 
is  a  result  of  Faraday’s 
discovery  of  the  principle 
of  magnetic  induction. 

Demonstration.  To  show 
that  variable  currents  may 
be  induced  in  nearby  cir¬ 
cuits.  1.  Connect  the  ends 
of  a  large  coil  of  insulated 
copper  wire  to  the  terminals 
of  a  galvanometer.  A  gal¬ 
vanometer,  you  will  recall,  is 
an  instrument  for  measuring 
the  intensity  and  for  indicat¬ 
ing  the  direction  of  a  current. 

Make  an  electromagnet  by 
winding  insulated  copper  wire 
many  times  around  a  large 
iron  nail.  Connect  the  ends 
of  this  wire  to  the  poles  of 
electromagnet  back  and  forth 
the  needle  of  the  galvanometer.  How  did  the  current  get 
into  the  large  coil  of  wire  ? 

2.  Try  the  same  experiment,  this  time  placing  the  electro¬ 
magnet  inside  the  large  coil  and  introducing  a  bell  into  the 
circuit.  Move  the  electromagnet  back  and  forth  inside  the 


an  electric  cell.  Move  the 
near  the  first  coil  and  watch 
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coil.  How  does  the  galvanometer  behave?  What  does  this 
show?  Does  the  bell  ring? 

3.  Now  disconnect  the  end  of  the  wire  attached  to  the 
zinc  electrode  of  the  cell.  Hold  a  carpenter’s  file  so  that 
one  end  of  the  file  rests  on  the  zinc  electrode  of  the  cell. 
Move  the  free  end  of  the  wire  back  and  forth  along  the 
file.  This,  as  you  learned  on  page  91,  produces  a  variable 


current  in  the  circuit.  Watch  the  needle  of  the  galva¬ 
nometer.  How  does  it  behave?  What  kind  of  current  has 
been  induced  in  the  large  coil? 

4.  Remove  the  file  and  touch  the  free  end  of  the  wire  to 
the  zinc  electrode  of  the  cell.  How  does  the  needle  of  the 
galvanometer  act?  Disconnect  the  wire.  What  does  the 
needle  do?  Connect  and  disconnect  in  rapid  succession  a 
number  of  times,  that  is,  make  and  break  the  current.  How 
does  the  galvanometer  needle  act? 


INDUCTION  COIL 


99 


After  doing  the  four  tests  in  this  demonstration,  do 
you  agree  with  the  following  conclusions  ? 

a.  When  an  electromagnet  is  moved  near  a  coil  of 
wire,  a  variable  electric  current  is  induced  in  the  coil. 

b.  When  an  electromagnet  is  moved  back  and  forth 
within  a  coil  of  wire,  a  variable  electric  current  is  in¬ 
duced  in  the  coil. 

c.  When  a  variable  current  is  produced  in  an  electro¬ 
magnet  which  rests  inside  of  a  coil  of  wire,  a  variable 
current  is  induced  in  the  coil. 

Induction  coil.  The  induction  coil  is  a  device  to 
produce  the  kind  of  induced  currents  that  have  just 
been  described.  If  you  can  get  an  induction  coil,  such 
as  can  be  found  in  a  shocking  machine,  take  it  apart 
and  find  out  how  it  is  made.  There  are  two  coils : 
(a)  the  one  through  which  the  current  is  sent,  and 
which  is  known  as  the  primary  coil;  (b)  the  one  in 
which  the  current  is  induced,  and  which  is  known  as 
the  secondary  coil.  Whenever  the  flow  in  the  primary 
coil  is  varied  or  interrupted,  a  current  is  induced  in 
the  secondary  coil. 

Instead  of  connecting  and  disconnecting  a  wire  by 
hand,  as  was  done  in  the  demonstration,  the  circuit  in 
the  primary  coil  may  be  made  and  broken  by  an  auto¬ 
matic  interrupter  such  as  a  bell  vibrator.1  You  can 
convince  yourself  that  this  is  so  by  connecting  a  bell 
in  the  electromagnetic  circuit.  As  the  vibrator  of  the 

1  Vibrators  are  needed  only  when  cells,  batteries,  or  D.  C.  generators 
are  used  to  supply  the  current  to  the  primary  coil.  A.  C.  generators 
produce  fluctuating  (variable)  currents  and  no  vibrator  is  needed  when 
A.  C.  current  is  employed. 
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bell  moves  rapidly  back  and  forth,  a  current  is  induced 
in  the  secondary  coil. 

The  induced  current  in  the  secondary  coil  is  an  alter¬ 
nating  variable  current.  How  can  you  tell  that  it  is 
both  alternating  and  variable  ? 

Making  a  spark.  In  the  discussion  of  Faraday’s 
principle  of  magnetic  induction  you  learned  that  the 
strength  of  an  induced  current  depends  upon  the  num¬ 
ber  of  turns  of  wire  in  the  coil.  With  a  large  enough 

number  of  turns  on  the 
secondary  coil,  a  current 
can  be  made  to  leap  across 
a  small  gap  in  the  circuit 
of  the  secondary  coil.  Sup¬ 
pose  a  current  from  an 
automobile  storage  battery, 
which  usually  has  a  pres- 

A  spark  coil.  What  causes  the  spark  to  Sure  of  6  VOltS,  is  Sent 
leap  across  the  gap  ?  ,  ,  . 

through  a  primary  coil 
containing  100  turns  of  wire.  If,  then,  the  secondary 
coil  contains  8000  turns  of  wire  or  80  times  as  much  as 
the  primary  coil,  the  induced  current  will  have  a  pres¬ 
sure  of  80  times  6  volts,  or  480  volts.  If  the  gap  in  the 
secondary  circuit  is  not  too  great,  such  a  current  may  be 
sufficient  to  overcome  the  resistance  of  the  air  between 
the  points  that  form  the  gap.  The  result  will  be  a 
spark.  This  is  the  principle  on  which  the  ignition 
spark  in  an  automobile  engine  is  made.  The  larger 
the  gap,  the  higher  the  voltage  of  the  current  must  be 
in  order  to  make  a  spark.  Lightning  is  formed  in 
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just  this  way  and  the  fact  that  lightning  flashes  across 
gaps  that  are  often  hundreds,  and  sometimes  thou¬ 
sands  of  yards  wide,  will  give  you  some  idea  of  the 
high  voltage  attained. 

The  induction  coil  is  a  very  useful  device.  The 

induction  coil  is  an  essential  part  of  many  electrical 
appliances.  In  the  automobile,  as  you  have  read,  it 
makes  the  spark  which  ignites  a  mixture  of  gasoline 
vapor  and  air.  Medical  devices  for  producing  slight 
electric  shocks  that  may  be  applied  to  the  body  employ 
induction  coils.  In  these  shocking  devices,  the  result¬ 
ing  voltage  is,  of  course,  low,  otherwise  injury  to  the 
patient  might  result.  Induction  coils  may  also  be 
used  in  wireless  telegraphy  and  in  radio  transmitters 
and  receivers.  Their  use  in  radio  will  be  discussed 
more  fully  later. 

The  transformer  acts  as  an  induction  coil.  A  trans¬ 
former  is  really  a  form  of  induction  coil.  When  used 
for  changing  from  a  current  of  high  voltage  to  one  of 
lower  voltage,  it  is  known  as  a  “  step-down  ”  trans¬ 
former  ;  if  used  for  changing  from  a  current  of  low 
voltage  to  one  of  higher  voltage,  it  is  called  a  “  step-up  ” 
transformer. 

The  transformer  consists  of  a  core  of  soft  iron,  gen¬ 
erally  laminated,  that  is,  made  in  layers,  around  which 
are  wound  two  separate  coils  of  insulated  wire.  One 
of  the  coils  has  more  turns  than  the  other.  If  an  alter¬ 
nating  current  is  passed  through  the  coil  having  many 
turns,  a  current  of  lowTer  voltage  is  induced  in  the  coil 
of  few  turns.  The  current  is  thus  stepped  down,  or 
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reduced  in  voltage.  If  the  current  is  passed  through 
the  coil  of  few  turns,  a  current  of  higher  voltage  is 
induced  in  the  other  coil.  The  current  has,  in  this 
case,  been  stepped  up,  or  increased  in  pressure. 

As  in  the  induction  coil,  the  relation  between  the 
pressure  in  the  primary  coil  and  that  in  the  secondary 
coil  of  a  transformer  depends  on  the  number  of  turns 
of  wire  in  the  two  coils.  Thus,  if  the  secondary  coil 
has  twice  as  many  turns  as  the  primary  coil,  the  induced 
current  will  have  twice  the  voltage 
of  the  primary  current. 

Transformers  have  many  uses, 
from  the  small  transformer  of  a  bell¬ 
ringing  system  to  the  large  trans- 

A  ring  transformer.  Why  former  0f  a  power  transmission 
are  there  more  turns  of  wire 

other?6  side  than  °n  the  system.  In  power  transmission, 
the  current  is  first  stepped  up  at 
the  power  house  to  enable  it  to  overcome  resistance 
during  its  long  journey,  and  then  stepped  down  to  a 
lower  voltage  so  that  it  can  be  used  in  ordinary  elec¬ 
trical  devices  in  the  factory  or  home. 


Summary 

Variable  currents  may  produce  induced  currents  in  nearby 
circuits. 

The  induction  coil  is  a  device  to  produce  such  induced 
currents. 

The  induced  current  in  the  secondary  coil  is  an  alternating 
variable  current. 

The  transformer  acts  as  an  induction  coil. 
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How  Much  Have  You  Learned? 

Of  the  three  words  in  parentheses  in  each  of  the  following 
statements,  choose  the  one  that  correctly  completes  the 
statement. 

1.  Current  that  travels  many  miles  through  wires  must 
have  high  (voltage,  resistance,  insulation). 

2.  When  we  talk  about  induction  coils,  we  should  think 
of  (Edison,  Faraday,  Franklin). 

3.  Every  induction  coil  contains  two  (coils,  electromag¬ 
nets,  generators). 

4.  The  primary  coil  is  usually  a  (galvanometer,  ammeter, 
electromagnet). 

5.  The  current  gets  into  the  secondary  coil  by  (leaping, 
magnetism,  induction) . 

6.  The  current  in  the  primary  coil  must  be  (weak,  vari¬ 
able,  direct). 

7.  The  current  produced  in  the  secondary  coil  is  (direct, 
alternating,  weak). 

8.  In  order  to  make  a  spark,  a  current  of  high  (wattage, 
amperage,  voltage)  is  needed. 

9.  A  current  that  leaps  across  a  gap  overcomes  resistance 
of  (copper,  zinc,  air). 

10.  (Spark  plugs,  galvanometers,  transformers)  are  forms 
of  induction  coils. 

Can  You  Answer  These? 

1.  Why  does  the  strength  of  a  current  grow  less  as  it 
travels  through  many  miles  of  copper  wire  ? 

2.  How  can  we  tell,  by  watching  the  pointer  of  a  galva¬ 
nometer,  whether  or  not  a  current  is  variable  ? 

3.  Why  is  it  necessary  to  vary  the  current  in  the  primary 
coil  before  any  current  can  be  induced  in  the  secondary 
coil? 
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4.  Is  one  end  of  the  primary  coil  always  the  north  pole 
and  the  other  end  always  the  south  pole  or  are  these  con¬ 
stantly  interchanging  ?  Explain  your  answer. 

5.  What  is  the  purpose  of  a  vibrator  in  the  primary 
coil  ?  When  is  a  vibrator  not  needed  ? 

6.  How  does  our  knowledge  of  induction  coil  spark¬ 
making  devices  prove  that  dry  air  is  a  very  poor  conductor 
of  electricity? 

7.  Lightning  is  usually  produced  in  moist  air.  Does 
moist  air  offer  more  or  less  resistance  than  dry  air  to  elec¬ 
tricity  ? 

8.  If  it  takes  a  current  of  1000  volts  to  leap  across  a 
gap  one-quarter  inch  wide,  how  many  volts  are  there  in  a 
flash  of  lightning  that  leaps  across  a  gap  of  100  yards? 

9.  If,  in  a  transformer,  a  current  of  110  volts  is  sent 
through  the  primary  coil  which  has  100  turns  of  wire,  how 
many  volts  has  the  current  induced  in  the  secondary  coil 
which  has  8000  turns  of  wire  ? 

10.  What  is  meant  by  a  “  step-up  ”  transformer?  a 
“  step-down  ”  transformer? 


Supplementary  Demonstrations  and  Projects 

1.  Make  a  small  induction  coil  and  use  it  to  make  a 
spark.  A  bell  may  be  used  as  the  vibrator. 

2.  Read  about  man’s  attempt  to  harness  electricity  from 
the  clouds.  Find  out,  especially,  what  Franklin  and  Stein- 
metz  did  in  this  connection. 

3.  Giant  transformers  are  used  for  stepping-up  and 
stepping-down  currents  from  power-transmission  plants. 
Find  out  how  these  are  protected  against  lightning. 

4.  Read  a  description  of  the  Ruhmkorff  coil  and  describe 
it  to  your  classmates. 

5.  Make  a  spark-coil  wireless  transmitter  (sender). 


The  Emperor  of  Brazil  examining  Bell’s  telephone  at  Centennial  Exposition  in 
Philadelphia,  1876. 

PROBLEM  X 

HOW  DOES  THE  TELEPHONE  WORK? 

The  story  of  the  invention  and  development  of  the 
telephone,  as  told  in  the  biography  of  Alexander  Graham 
Bell,  at  the  end  of  this  book,  gives  some  idea  of  the 
immense  amount  of  thought  and  effort  that  led  to  the 
successful  completion  of  that  wonderful  instrument. 
Read  the  story  before  you  go  on  to  a  study  of  the 
instrument  itself. 

The  telephone  transmitter.  The  important  parts 
of  the  telephone  are  the  transmitter  and  the  receiver 
connected  in  a  circuit.  Directly  behind  the  mouth¬ 
piece  of  the  transmitter,  into  which  the  speaker  talks, 
is  a  delicate  diaphragm,  or  disk.  This  vibrates  accord- 
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ing  to  the  pitch  and  intensity  of  the  speaker’s  voice. 
The  disk  is  connected  with  a  tiny  sound  box  which  con¬ 
tains  carbon  gran¬ 
ules  rather  loosely 
packed  together.  As 
the  sound  waves  set 
up  by  the  speaker’s 
voice  strike  the 
disk,  the  carbon 
granules  in  the 
sound  box  become 
alternately  more 
compact  and  less 
compact.  This  variation  in  the  granules  causes  a  cor¬ 
responding  variation  in  the  current  that  is  sent  through 
the  wires.  A  varying  current  is  thus  transmitted 
through  the  line. 

The  receiver.  At  the  other  end  of  the  line  is  the 
receiver,  a  device  that  is  held  to  the  ear.  Inside  this 
cylinder  is  a  permanent  horseshoe  magnet  which 
attracts  a  thin  iron  disk.  A  coil  of  insulated  wire  is 
wound  around  each  end  of  the 
magnet,  making  an  electro¬ 
magnet.  These  coils  must  be 
wound  in  opposite  directions. 

Wires  f  rom  these  coils  lead  out 
through  the  rear  of  the  receiver  to  the  telephone  circuit. 

The  telephone  circuit,  then,  consists  of  a  transmitter 
and  a  receiver  joined  by  wires  to  a  source  which  sends 
a  direct  current  through  the  entire  circuit. 
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Demonstration.  1.  To  show  the  parts  of  a  telephone 
transmitter.  If  you  can  obtain  a  discarded  instrument,  take 
it  apart  and  find  the  disk,  the  box  containing  the  carbon 
granules,  and  the  places  where  the  wires  are  connected.  If 
you  cannot  obtain  an  old  transmitter,  find  these  parts  on  a 
diagram  and  explain  the  purpose  of  each. 

2.  To  show  the  parts  of  a  telephone  receiver.  Locate 
the  permanent  magnet,  the  coils  of  wire  wound  around  the 
ends  of  the  magnet,  the  vibrating  disk,  and  the  wires  that 
lead  to  the  outside  circuit. 

Demonstration.  To  set  up  and  operate  a  simple  tele¬ 
phone  system.  Connect  two  discarded  telephone  receivers, 
that  is,  receivers  that  are  no  longer  in  use,  one  in  the  class¬ 
room  and  the  other  in  the  hall.  Use  insulated  copper  wire 
and  carry  the  wire  from  the  room  to  the  hall  by  way  of  a 
transom,  so  that  no  holes  need  be  made  in  the  wall  or  wood¬ 
work.  If  telephone  receivers  are  not  available,  use  two 
radio  head-sets.  These  resemble  telephone  receivers  in 
every  way.  To  make  the  set  more  nearly  like  a  real  tele¬ 
phone,  you  may  replace  one  of  the  receivers  with  a  trans¬ 
mitter  connected  to  a  battery.  The  battery  is  used  because 
a  direct  current  is  needed.  Alternating  current  generators 
will  not  do. 

Let  us  now  review  the  entire  process  of  sending  and 
receiving  messages  by  telephone. 

When  a  person  speaks  into  the  transmitter,  the 
sound  vibrations  cause  the  disk  to  vibrate  in  accord¬ 
ance  with  the  sounds  spoken.  This  disk  presses  against 
the  loose  carbon  granules.  The  looser  the  granules, 
the  more  they  obstruct  the  flow  of  the  current ;  the 
more  compact  the  granules,  the  less  they  obstruct  the 
flow  of  the  current.  When  a  person  speaks,  the  sounds 
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he  produces  vary  in  intensity,  and  this  variation,  com¬ 
municated  to  the  disk  and  then,  in  turn,  to  the  gran¬ 
ules,  causes  a  varying  current  in  the  telephone  wires. 
In  other  words,  the  flow  or  strength  of  current  in  the 
circuit  thus  varies  with  the  sounds  spoken. 

This  variable  (or  fluctuating)  current  passes  through 
the  telephone  line  wires  and  enters  the  receiver.  Here 
it  passes  through  the  coils  of  the  electromagnet  whose 
action,  combined  with  that  of  the  permanent  magnet, 
is  rapidly  to  attract  and  release  the  thin  iron  disk  of 
the  receiver.  This  pull  and  release  corresponds  to  the 
varying  flow  of  the  current  and  results  in  sounds  that 
reproduce  those  spoken  into  the  transmitter. 

The  telephone  vires  do  not  carry  sound.  Sound,  in 
the  transmitter,  is  changed  to  electrical  vibrations 
which  pass  through  the  line  wires  in  the  form  of  a 
current.  In  the  receiver,  these  electrical  vibrations 
are  again  converted  into  sound  by  the  motion  of  the 
vibrating  disk. 

The  telephone  serves  many  uses  in  modem  life.  In 

the  home,  the  telephone  is  one  of  the  greatest  of  mod¬ 
ern  conveniences.  It  would  be  difficult  to  list  all  the 
purposes  for  which  the  telephone  in  the  home  is  used. 
The  grocer,  the  butcher,  and  other  dealers  frequently 
get  their  orders  over  the  telephone ;  appointments  are 
often  made  by  telephone ;  if  the  weather  is  stormy 
and  it  is  necessary  to  go  somewhere,  a  telephone  call 
brings  a  taxicab  to  the  door;  a  telephone  call  from  a 
friend  announcing  his  or  her  intention  of  visiting,  gives 
time  for  whatever  preparation  may  be  necessary ; 
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should  someone  become  ill,  a  telephone  call  informs 
the  doctor. 

In  business  many  transactions  are  conducted  by 
telephone.  It  is  hardly  possible  to  imagine  a  business 
office  without  this  useful  device.  Like  the  telegraph, 
the  telephone  makes  distance  unimportant  and  the 
time  saved  by  using  the  telephone  in  place  of  traveling 
is  enormous.  In  the  days  before  telephones,  a  business 
man  had  to  go  to  the  person  with  whom  he  wished  to 
do  business  or,  perhaps,  had  to  write  a  long  letter 
and  wait  days,  or  even  weeks,  for  a  reply,  but  now  he 
sits  comfortably  in  a  chair  at  his  desk  and  trans¬ 
acts  the  same  business  in  a  very  few  minutes.  Billions 
of  messages  are  sent  over  the  telephone  in  this  country 
every  year,  and  this  clever  invention,  looked  upon  as  an 
interesting  toy  only  fifty  years  ago,  is  now  wTorth  billions 
of  dollars  to  those  who  control  the  telephone  industry. 

Summary 

The  essentials  of  a  telephone  are  a  transmitter  and  a 
receiver  connected  in  a  circuit. 

The  transmitter  enables  sound  variations  to  set  up  a 
variable  current  in  the  circuit. 

In  the  receiver  the  variable  current  causes  the  disk  to 
vibrate  and  produce  sounds. 

These  sounds  are  reproductions  of  the  sounds  spoken  into 
the  transmitter. 

The  telephone  serves  many  uses  in  modern  life. 

Questions 

1.  By  whom,  and  in  what  year,  was  the  telephone  in¬ 
vented  ? 
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2.  What  is  the  purpose  of  the  disk  in  the  telephone 
transmitter? 

3.  Of  what  use  are  the  carbon  granules  in  the  trans¬ 
mitter  ? 

4.  What  kind  of  current  must  be  supplied  to  the  tele¬ 
phone  transmitter  ? 

5.  What  is  the  purpose  of  the  permanent  horseshoe 
magnet  in  the  telephone  receiver? 

6.  What  work  is  performed  by  the  thin  disk  in  the 
receiver  ? 

7.  Of  what  material  is  this  disk  made?  How  do  you 
know  ? 

8.  Mention  three  uses  for  the  telephone  in  the  home  and 
two  uses  for  the  telephone  in  business. 

9.  Why  is  no  battery  needed  in  a  small,  room-to-room, 
telephone  set  made  of  two  telephone  receivers  connected  by 
wire  ? 

10.  The  disk  in  the  transmitter  need  not  be  made  of 
iron.  Explain  why. 

Supplementary  Demonstrations  and  Projects 

1.  Read  the  story  of  Bell,  at  the  end  of  the  book. 

2.  Find  out  what  Edison  and  Pupin  had  to  do  with 
perfecting  the  telephone. 

3.  Construct  and  operate  a  simple  microphone. 

4.  Compare  the  telegraph  and  the  telephone. 
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PROBLEM  XI 

HOW  DOES  THE  ELECTRIC  MOTOR  WORK? 

Did  you  ever  watch  your  mother  use  the  vacuum 
cleaner  on  the  living  room  rug?  Back  and  forth  it 
rolls  and,  as  it  covers  lane  after  lane,  the  dust  and  dirt 
disappear  into  the  dust  bag  that  is  suspended  like  a 
balloon  from  the  handle  of  the  cleaner.  And  all  the  time 
there  comes  from  the  polished,  nickel-plated  body  of  the 
cleaner,  the  monotonous  droning  of  an  electric  motor. 

Most  of  us  accept  the  motor,  as  we  accept  many 
other  useful  electrical  derices,  without  giving  a 
thought  to  the  men  who  worked  so  hard  through 
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many  years  of  experimentation  to  make  the  device  as 
useful  as  it  is  today.  Thomas  Davenport,  a  black¬ 
smith  in  Vermont,  was  the  first  to  obtain  a  patent  on 
the  electric  motor.  His  motor  was  very  crude,  but  it 
led  other  inventors  to  enter  the  field  and  to  improve 
the  device.  It  was  not,  however,  until  the  electric 
generator  was  invented  that  much  progress  was  made 
with  motors.  Fifty  years  passed  between  the  time 
that  Davenport  patented  his  motor  and  the  time  when 
the  motor  was  first  used  to  operate  electric  trains. 

Principle  cf  the  electric  motor.  The  electric  motor 
is  very  similar  in  construction  to  a  generator,  but  the 
principle  is  reversed.  In  fact,  a  generator  can  be  used 
as  a  motor.  In  the  generator,  mechanical  energy'  turn¬ 
ing  an  armature  in  a  magnetic  field  produces  electrical 
('ll erg}'.  In  the  motor,  electrical  energy'  is  changed 
into  mechanical  energy.  An  electric  current  is  passed 
through  the  armature,  a  coil  of  wire  wound  many 
times  around  a  soft-iron  core.  This  converts  the  arma¬ 
ture  into  a  magnet  which  is  then  made  to  rotate  by 
the  attraction  and  repulsion  of  the  poles  of  a  station¬ 
ary  field  magnet.  The  following  demonstration  will 
make  this  clear. 

Demonstration.  To  show  that  the  interaction  of  two 
permanent  magnets  may  cause  one  of  them  to  rotate.  Sus¬ 
pend  a  bar  magnet  so  that  it  can  swing  freely,  as  shown  in 
the  illustration.  When  the  magnet  is  at  rest,  bring  the 
north  pole  of  another  bar  magnet  near  the  north  pole  of 
the  suspended  magnet.  The  north  pole  of  the  suspended 
magnet  will,  of  course,  be  repulsed.  Can  you  tell  why?  As 


HOW  THE  ARMATURE  IS  MADE  TO  ROTATE  113 


the  south  pole  of  the  suspended  magnet  comes  around, 
quickly  turn  the  magnet  in  your  hand  so  that  the  south 
pole  is  now  near  (and  just  behind)  the  south  pole  of  the  sus¬ 
pended  magnet.  There 
will  again  be  repulsion 
and  the  suspended  mag¬ 
net  will  continue  to  spin 
in  the  same  direction. 

If  you  time  the  motion 
of  the  magnet  in  your 
hand  correctly,  the  sus¬ 
pended  magnet  may  be 
made  to  rotate  always 
in  one  and  the  same  di¬ 
rection. 


What  causes  the  suspended  bar  magnet  to 
rotate  ? 


Demonstration.  To  show  that  interaction  between  a 
permanent  magnet  and  an  electromagnet  will  cause  the 
electromagnet  to  rotate.  Use  a  small  motor  model  in  which 
the  field  magnet  may  be  changed  so  that  either  a  permanent 
magnet  or  an  electromagnet  may  be  used  as  a  field  magnet. 

The  illustration 
shows  such  a  model. 
Adjust  the  perma¬ 
nent  magnetic  field. 
Connect  a  dry  cell  to 
the  coil.  How  does 
the  electromagnetic 
armature  behave? 

Demonstration. 
To  show  that  the 
interaction  between 
two  electromagnets 
may  cause  one  of  them  to  rotate.  Again  use  the  motor 
model,  this  time  using  an  electromagnet  for  the  field  magnet. 


Courtesy  Central  Scientific  Company 
A  St.  Louis  motor  model. 
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Connect  a  dry  cell  to  the  coil  and  note  how  the  armature 
behaves.  What  does  this  show? 

What  do  you  conclude  as  a  result  of  the  three  demonstra¬ 
tions  just  performed  ? 


The  electric  motor.  The  essentials  of  an  electric 
motor  are  the  field  magnet,  armature,  commutator  and 
brushes,  and  a  current. 

The  field  magnet  is  usually  a  large  electromagnet 
made  of  many  turns  of  insulated  wire  around  a  soft- 

iron  core  and  so 
shaped  as  to  en¬ 
close  a  rotating 
armature. 

The  armature  ro¬ 
tates  freely  within 
the  field  magnet. 
Armatures  vary  in 
shape  and  in  ap¬ 
pearance  but  they 
all  consist  of  a  set 
of  coils  of  wire 
wrapped  around  a  soft-iron  core.  The  armature  is 
mounted  on  a  shaft  which  rotates  with  the  armature. 
Belts  from  this  shaft  communicate  the  motion  of  the 
shaft  to  machines  that  are  to  be  operated  by  the  motor. 
It  is,  then,  the  rotating  armature  that  performs  the 
work  of  the  motor. 

As  in  the  case  of  the  generator,  a  direct  current 
motor  requires  the  use  of  a  commutator.  Inasmuch 
as  in  some  localities  the  current  supplied  to  homes  is 


Locate  the  armature  and  the  field  magnets. 
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alternating,  while  in  others  it  is  direct,  it  is  necessary 
to  know  what  type  of  motor  to  select  when  we  pur¬ 
chase  a  motor-driven  electrical  device.  The  commu¬ 
tator  of  a  commercial  motor  is  a  drum  of  copper  strips, 
separated  by  some  insulating  material.  This  drum 
rotates  with  the  armature.  There  are  two  copper 
strips  on  the  commutator  for  each  coil  of  the  armature. 
Each  coil  of  the  armature  has  its  ends  connected  to 
two  diametrically  opposite  1  commutator  strips. 

The  brushes  do  not  rotate,  but  rest  against  the  com¬ 
mutator.  As  the  commutator  rotates,  the  commutator 
strips  come  into  contact  with  the  brushes  and  the 
brushes  carry  current  from  the  outside  circuit  to  the 
commutator  strips. 

A  current  is,  of  course,  necessary.  This  is  supplied 
by  a  generator.  The  current  flows  through  the  field 
magnet  and  also,  by  way  of  the  brushes  and  commu¬ 
tator,  through  the  armature.  This  makes  both  the 
field  magnet  and  the  armature  electromagnets. 

The  magnetic  attraction  and  repulsion  between  the 
poles  of  the  field  magnet  and  of  the  armature  coils 
cause  the  armature  to  rotate.  Alien  sufficient  current 
is  delivered  to  the  brushes  by  the  generator,  there  is  a 
flow  through  the  armature  coil  that  is  in  contact  with 
the  brush  through  the  commutator  strip.  There  is 
also  a  flow  through  the  field  magnet.  Thus  there  are 
two  electromagnets.  You  have  learned  that  interac¬ 
tion  between  two  electromagnets  will  cause  one  of 

1  Diametrically  opposite  means  at  opposite  ends  of  the  diameter  of 
a  circle. 
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them  to  rotate.  Since  the  field  magnet  is  fixed,  the 
armature  will  rotate.  Let  us  review  the  cause  of  this 
rotation.  As  soon  as  the  field  magnet  and  one  of  the 
armature  coils  become  electromagnets,  there  will  be  a 
repulsion  between  like  poles  and  an  attraction  between 
unlike  poles.  This  attraction  and  repulsion  will  cause 
the  armature  to  move  so  that  the  commutator  strips 
leading  to  another  armature  coil  will  be  in  contact 
with  the  brushes.  This  armature  coil  then  becomes 
magnetized  and  moves,  bringing  the  next  armature 
coil  into  contact  with  the  brushes.  This  action  con¬ 
tinues  for  all  the  coils  of  the  armature  and  causes  the 

armature  to  rotate 
continuously. 

Demonstration. 
To  operate  a  home¬ 
made  motor.  Any 

one  can  make  a  small 
motor  that  will  work. 
Use  the  illustration 
as  a  model.  The  field 
magnets,  P  and  Q, 
are  large  nails  wound 
with  wire.  The 
armature  is  also  a  nail 
with  wire  wound 
around  it.  This  ar¬ 
mature  nail  is  stuck 
through  a  cork,  C,  into  the  under  surface  of  which  is  inserted 
a  glass  tube,  G ,  rounded  at  one  end  and  serving  as  a  bearing. 
A  pointed  nail,  T ,  is  driven  through  a  board,  L,  and  fits 
into  the  tube,  G .  Two  thin  strips  of  copper,  1  and  2,  are 


A  homemade  motor.  Explain  how  it  works. 


USES  OF  THE  ELECTRIC  MOTOR 


117 


tacked  to  the  under  surface  of  the  cork,  C,  as  shown,  and 
wrapped  around  the  glass  tube,  G.  These  serve  as  commu¬ 
tator  segments  and  must  not  quite  touch  each  other.  The 
brushes  B,  B,  rest  against  the  commutator  segments,  as 
shown.  One  dry  cell  should  operate  this  motor. 

Uses  of  the  electric  motor.  The  vacuum  cleaner, 
mentioned  at  the  beginning  of  this  problem  (page  111), 
is  only  one  of  the  many  devices  that  are  operated  by 
the  electric  motor.  The  motor  of  an  electric  fan  causes 
the  blades  of  the  fan  to  turn  and  sets  into  motion  a 
current  of  air  which  makes  a  hot  room  more  comfort¬ 
able.  A  motor  can  be  used  to  turn  the  flywheel  of  a 
sewing  machine,  thus  doing  away  with  the  old-fashioned 
foot  pedal  derice  that  made  seamstresses  so  tired  at 
the  end  of  a  day’s  sewing.  The  motor  in  an  electric 
refrigerator  drives  a  pump  which  compresses  the  re¬ 
frigerant  and  keeps  it  in  circulation.  In  the  electric 
washing  machine  a  motor  makes  a  container  rotate  in 
order  to  force  water  through  the  clothes.  This  has 
rescued  many  a  housewife  from  the  backache  that 
usually  accompanied  the  old-fashioned  method  of  rub¬ 
bing  clothes  on  a  corrugated  wash-board. 

In  large  buildings  motors  are  used  to  operate  venti¬ 
lating  fans.  These  fans  either  force  air  into  rooms  or 
draw  ah’  out  by  suction.  Elevators  that  earn*  pas¬ 
sengers  quickly  up  or  down  through  a  tall  building  are 
operated  by  electric  motors.  Each  street  car  carries 
its  own  motor.  The  current  is  supplied  either  from  an 
overhead  trolley  or  an  electrified  rail  under  the  tracks. 
Subway  and  elevated  trains  are  operated  in  a  similar 
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manner,  the  current  being  supplied  from  an  electrified 
“  third  rail  ”  with  which  you  are,  no  doubt,  familiar. 

Automobile  starters  are  op¬ 
erated  by  motors  which  ob¬ 
tain  their  current  from  the 
automobile  storage  batteries. 
So  numerous,  in  fact,  are  the 
uses  of  the  electric  motor  that 
it  would  take  many  pages 
flywheel  merely  to  mention  the  most 
common. 


Summary 


current  from  a  storage  battery  is  Magnetic  attraction  and  re- 
used  for  starting  the  motor  of  an  ,  .  p  1 

automobile.  pulsion  may  cause  a  freely 

moving  magnet  to  rotate. 

The  essentials  of  a  simple  electric  motor  are  field  magnet, 
armature,  commutator  and  brushes,  and  current. 

The  magnetic  attraction  and  repulsion  between  the  poles 
of  the  field  magnet  and  of  the  armature  coils  cause  the 
armature  to  rotate. 

The  electric  motor  is  the  essential  part  of  many  modern 
electrical  contrivances. 


How  Much  Have  You  Learned? 

Which  of  the  following  statements  are  true  and  which 
are  false? 

T.  F.  1.  Thomas  Davenport  patented  the  electric  motor. 
T.  F.  2.  Motor  is  another  name  for  generator. 

T.  F.  3.  In  a  motor  electrical  energy  is  changed  into 
mechanical  energy. 

T.  F.  4.  A  motor  generates  an  electric  current. 
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T.  F. 

5. 

T.  F. 

6. 

T.  F. 

7. 

T.  F. 

8. 

T.  F. 

9. 

T.  F. 

10. 

T.  F. 

11. 

T.  F. 

12. 

T.  F.  13. 
T.  F.  14. 
T.  F.  15. 
T.  F.  16. 
T.  F.  17. 
T.  F.  18. 

T.  F.  19. 
T.  F.  20. 


Armature  wires  must  be  insulated. 

The  core  of  an  armature  is  made  of  soft  iron. 
The  armature  is  always  a  permanent  magnet. 
When  a  current  is  sent  through  an  armature,  it 
acts  like  a  magnet. 

Motors  can  be  operated  only  by  alternating 
current. 

Like  poles  attract,  unlike  poles  repel. 

Field  magnets  rotate  around  the  armature. 
Interaction  between  a  permanent  magnet  and  an 
electromagnet  may  cause  the  electromagnet  to 
rotate. 

The  brushes  keep  the  commutator  clean. 

The  commutator  revolves  with  the  armature. 
Rotating  armatures  perform  work. 

Commutator  strips  are  made  of  soft  iron. 

The  brushes  rotate  with  the  armature. 

Current  may  be  supplied  to  the  motor  by  gen¬ 
erator,  dry  cells,  or  storage  battery. 

Armatures  rotate  continuously  in  one  direction. 
A  motor  is  used  to  operate  a  vacuum  cleaner. 


Supplementary  Demonstrations  and  Projects 

1.  Take  apart  an  electric  fan  motor;  clean  and  oil  it  and 
put  it  back  into  working  order. 

2.  Visit  a  building  with  elevator  service,  ask  to  see  the 
motor,  and  report  to  your  classmates  what  you  learned  as 
the  result  of  your  visit. 

3.  Make  a  toy  motor. 

4.  Find  out  about  any  one  of  the  following  :  a.  The  series 
motor,  b.  The  shunt  motor,  c.  Tesla’s  induction  motor. 
d.  The  universal  motor. 

5.  “  What  machines  w^ould  not  be  possible  today  without 
the  motor?  ”  Write  a  composition  on  this  topic. 


Westinghouse  Appliances 

An  electric  toaster.  An  electric  heater. 


PROBLEM  XII 

HOW  DOES  AN  ELECTRIC  CURRENT 
PRODUCE  HEAT? 

Mr.  and  Mrs.  Burke  were  on  their  way  home  one 
very  cold  evening  in  December  when  they  passed  the 
home  of  their  friends,  the  Marvins.  There  were  lights 
in  the  windows  and  the  Burkes  decided  to  drop  in  for 
a  short  visit.  They  found  Mr.  and  Mrs.  Marvin  sit¬ 
ting  wrapped  in  their  overcoats.  The  house  was  cold. 
Mrs.  Marvin  explained  that  the  furnace  had  broken 
down  and  that  they  were  waiting  for  a  new  grate  to  be 
installed  before  a  fire  could  again  be  started.  “  Well, 
it  is  not  necessary  to  freeze  just  because  your  furnace 
is  out  of  order,”  said  Mr.  Burke,  moving  toward  the 
door.  “  Excuse  me,”  he  continued,  “  I  shall  be  back 
in  a  few  minutes.”  The  Burkes  lived  only  a  block 
away  and,  in  a  few  moments  Mr.  Burke  was  back, 
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carrying  an  electric  heater.  Smiling  pleasantly,  he 
placed  the  heater  on  the  floor  near  Mrs.  Marvin,  and 
inserted  the  plug  at  the  end  of  the  long  wire  into  a 
wall  outlet.  In  a  few  minutes  the  wires  of  the  heater 
began  to  glow  and,  in  a  short  time,  a  pleasant  warmth 
filled  the  room. 


Why  is  iron  wire,  rather  than  copper  wire,  wrapped 
around  the  thermometer  bulb? 


Demonstration.  To  show  that  heat  is  produced  in  con¬ 
ductors  while  current  is  flowing  through  them.  Connect 
two  pieces  of  copper 
wire  to  the  poles  of 
an  electric  cell.  To 
the  free  ends  of  the 
wires  attach  a  length 
of  very  thin  iron  or 
German  silver  wire 
wound  spirally  around 
the  bulb  of  a  thermometer,  as  shown  in  the  illustration. 
Read  the  thermometer  at  the  beginning  of  the  test  and 
watch  the  mercury  after  the  circuit  is  made.  Does  the 
temperature  rise  ?  What  causes  this  rise  ? 

Try  the  same  test  with  ordinary  copper  wire  or  with  heavy 
iron  wire.  Why  is  the  result  not  the  same?  To  change 
electrical  energy  into  heat,  a  thin  wire,  especially  if  it  is  a 
poor  conductor,  gives  better  results  than  a  heavy  wire  or  a 
good  conductor. 

Increase  the  strength  of  the  current  by  connecting  another 
cell  to  the  first.  Connect  the  cells  in  series.  Note  the  ther¬ 
mometer  reading.  What  effect  on  the  temperature  has  a 
greater  current  ? 

Permit  the  current  to  flow  for  some  time,  watching  the 
thermometer  all  the  while.  What  effect  has  the  length  of 
time  that  the  current  is  permitted  to  flow  on  the  heat  gen¬ 
erated  ? 
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You  have  learned  that  good  conductors  of  electricity 
are  substances  which  offer  little  resistance  to  the  flow 
of  current  and  that  poor  conductors  are  substances 
that  offer  great  resistance  to  the  flow  of  current.  It  is 
this  resistance  to  the  current  that  causes  the  wires  to 
become  heated.  To  understand  why  a  thin  wire  offers 
greater  resistance  to  the  flow  of  current  than  a  thick 
wire  of  the  same  material,  study  the  diagram.  If 


the  pressure  in  the  two  water  tanks  is  the  same,  the 
resistance  to  the  flow  of  water  is  greater  in  the  tank 
that  has  a  narrow7  pipe  outlet  than  in  the  tank  that 
has  an  outlet  pipe  of  greater  diameter.  In  the  case 
of  electricity,  the  pressure  (voltage)  in  both  cases  is 
the  same  and  the  thin  wire  offers  greater  resistance  to 
the  flow  of  current  than  does  the  thick  wire. 

a.  The  greater  the  resistance  which  a  conductor 
offers  to  the  flow  of  current,  the  greater  the  heat  pro¬ 
duced. 

b.  The  greater  the  current,  the  greater  the  heat 
produced. 

c.  The  longer  the  current  flows,  the  greater  the 
heat  produced. 
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How  do  these  conclusions  compare  with  the  results 
of  your  own  tests? 

Electrically  produced  heat  is  used  in  many  devices. 

In  addition  to  the  electric  heater  such  as  Mr.  Burke 
brought  to  the  home  of  the  Marvins,  there  are  many 
electrically  heated  devices.  Most  of  you  are,  no 
doubt,  familiar  with  some  of  these  devices.  In  the 
electric  iron,  current  flows  through  a  coil  of  high- 
resistance  wire  that  is  hidden  in  the  body  of  the  iron. 
In  the  electric  toaster,  parallel  coils  of  wire  heat 
the  toast  which  is  placed  in  frames  that  hold  it 
near  the  glowing  wires.  The  electric  cooking  stove 
resembles  a  gas  stove,  but  in  place  of  the  gas  jets  there 
are  circular  coils  of  high-resistance  wire  which  become 
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An  electric  percolator.  An  electric  iron. 

heated  when  the  current  is  turned  on.  Pots  and  pans 
containing  food  to  be  cooked  are  placed  directly  over 
these  coils.  The  electric  percolator  for  making  coffee, 
the  electric  pad  for  applying  heat  to  the  body  of  a 
patient,  and  the  electric  waffle  iron  are  only  a  few  of 
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the  heating  appliances  that  make  use  of  an  electric 
current  to  produce  heat.  The  illustrations  on  pages 
120  and  123  show  some  of  these  devices ;  can  you 
name  others? 

In  all  of  these  devices,  the  resistance  to  the  current 
is  offered  by  coils  of  thin  wire  made  of  some  poor  con¬ 
ductor  of  electricity.  Nichrome,  a  metal  made  of  a 
combination  of  nickel  and  chromium,  is  frequently 
used.  This  metal  not  only  offers  great  resistance  to 
the  flow  of  electricity  but  it  melts  at  a  very  high  tem¬ 
perature  and  does  not  rust  as  a  result  of  combustion  in 
air.  Iron,  when  heated,  rusts  so  readily  that  it  would 
soon  be  destroyed  if  used  as  a  heating  coil  in  any  of 
the  devices  described. 

Electrical  heating  devices  use  up  a  great  deal  of 
current  and  are  thus  costly  to  operate.  A  woman  once 
complained  to  the  electric  company  that  her  bill  for 
the  month  was  almost  three  times  as  much  as  it  had  ever 
been  before.  An  inspector  arrived  at  her  home,  exam¬ 
ined  the  meter  and  electric  light  connections  and  told 
the  woman  that  he  could  find  nothing  wrong.  Just  as 
he  was  leaving,  a  thought  came  to  him.  “  Madam,  do 
you  use  an  electric  iron?  ”  “  Why,  yes,”  replied  the 

woman,  “  you  see  my  husband  and  I  celebrated  the 
fifth  anniversary  of  our  wedding  last  month  and  we 
received  a  number  of  electrical  appliances,  among 
them,  a  toaster,  a  percolator,  and  an  electric  iron.” 
“  Ho-ho,”  said  the  inspector,  “  that  explains  your  big 
bills.”  He  turned  on  an  electric  light  and  asked  the 
woman  to  watch  the  disk  in  the  meter  and  to  note 
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how  slowly  it  rotated.  He  then  disconnected  the  light 
and  connected  the  electric  iron  by  pushing  the  plug 
into  a  wall  receptacle.  Immediately  the  disk  began 
to  spin  rapidly,  at  least  ten  times  as  fast  as  before. 
“You  see,  madam,  these  electrical  heating  devices  use 
up  a  great  deal  of  current.”  “  Well,  I  am  going  to 
use  them  just  the  same,”  replied  the  woman,  “  they 
make  housekeeping  so  much  cleaner  and  pleasanter 
that  I  think  the}’  are  worth  the  additional  cost  for 
current.” 

Wires  and  other  conductors  often  become  so  heated 
as  to  cause  fires.  Electricity  is  a  good  friend  to  those 
who  understand  how  to  use  it,  but  for  others  it  has 
resulted  in  many  serious  accidents  and  even  in  a  large 
number  of  deaths.  It  is  therefore  highly  important 
to  know  how  electricity  may  be  made  safe. 

You  have  just  learned  that  all  conductors  become 
heated  when  a  current  flows  through  them.  It  is  pos¬ 
sible  for  electric  wires  in  a  home  to  become  so  hot  that 
they  set  fire  to  the  house.  To  prevent  this,  building 
laws  require  that  all  wire  should  be  insulated  and  en¬ 
closed  in  fireproof  conduits  and,  above  all,  fuses  must 
be  provided  in  the  circuit.  You  remember  that  a  fuse 
is  a  device  which  contains  a  piece  of  wire  made  of  metal 
which  will  melt  at  a  low’  temperature.  Before  electric 
wires  become  dangerously  hot,  this  metal  melts  and 
breaks  the  circuit.  Instantly  the  current  stops  flow’- 
ing,  lights  are  extinguished,  and  any  electrical  devices 
that  were  in  operation  cease  to  work. 

Under  ordinary  conditions  wires  do  not  become  hot 
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enough  to  burn  out  a  fuse.  Usually  this  happens  when 
too  many  electrical  devices  are  being  operated  at  one 
time.  This  increases  the  resistance  to  the  flow  of 
current  and  results  in  increasing  the  heat  of  the  wires, 
as  was  explained  before.  When  a  fuse  blows  out, 
people  are,  of  course,  inconvenienced ;  but  the  knowl¬ 
edge  that  the  blowing  out  of  a  fuse  may  have  prevented 
a  fire  should  make  us  prepared  to  put  up,  cheerfully, 
with  the  slight  inconvenience  that  results. 

Learn  how  to  replace  a  fuse.  Fuses  are  very  cheap 
and  very  easy  to  replace.  Usually  there  are  several 
fuses  located  in  a  metal  box  near  the  meter.  House 
fuses  such  as  these  usually  have  a  capacity  of  five  or 
ten  amperes.  Ordinary  electric  bulbs  carry  about  half 
an  ampere  of  current.  Therefore  a  five-ampere  fuse 
will  carry  no  more  than  ten  lamps.  In  order  to  operate 
more  than  ten  lamps  it  is  either  necessary  to  use  a 
fuse  of  greater  capacity  or  to  increase  the  number  of 
circuits  that  carry  lamps.  The  second  plan  is.  safer 
because  it  reduces  the  danger  from  overheated  wires. 
When  a  fuse  burns  out  or,  as  most  people  say  “  blows  ” 
out,  open  the  fuse  box,  remove  the  fuse  you  suspect  is 
the  burned  one,  and  replace  it  with  another  of  the 
same  capacity.  Tiy  the  lights  in  the  circuit.  If  they 
now  work,  you  have  found  the  defective  fuse.  If  not, 
tty  replacing  each  of  the  other  fuses  in  turn  until  you 
succeed. 

In  addition  to  these  branch  fuses,  there  is  always  a 
main  house  fuse  which  carries  a  heavier  current  than 
the  branch  fuses.  Next  to  the  main  house  fuse  you 
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will  find  a  switch  which  should  be  turned  off  before 
you  attempt  to  do  any  work  on  the  circuit. 

Insulation.  All  electric  wires  and  connections  in  the 
home  should  be  carefully  covered  or  protected  by  some 
substance  which  does  not  conduct  electricity.  That 
is  why  electric  wires  are  covered  with  rubber  or  silk. 
That  is  also  why  push  buttons,  switch  handles,  base 
plugs,  and  other  connections,  are  made  of  hard  rubber 
or  porcelain.  Protecting  “  live  ”  wires  in  this  way  is 
called  insulation. 

Short  circuits.  An  electric  current  always  takes  the 
shortest  path  or  the  path  of  least  resistance.  If,  there¬ 
fore,  a  conductor  is  laid  across  two  wires  carrying  a 
current,  the  current  will  pass  through  this  conductor 
instead  of  continuing  on  through  the  wires,  thus  caus¬ 
ing  a  short  circuit.  Short  circuits  almost  always  heat 
the  wires  to  such  an  extent  that  the  fuse  blows  out. 
Sometimes,  when  the  short  circuit  is  caused  by  a  care¬ 
less  person  touching  an  exposed  wire  or  permitting  a 
metal  tool  to  come  into  contact  with  any  exposed  part 
of  the  circuit,  the  current  passing  through  the  body 
results  in  severe  shocks,  burns,  or  even  death.  Many 
cases  of  this  kind  are  on  record.  Remember  that  the 
human  body,  particularly  when  wet,  is  a  fairly  good 
conductor  of  electricity,  keep  away  from  live  wires 

OR  EXPOSED  CONNECTIONS. 

It  is  so  important  that  this  warning  be  heeded  that 
the  illustrations  on  the  next  page  were  made  to  show7 
what  will  happen  to  you  if  you  forget  to  use  proper 
care  when  handling  “live  wires,” 
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Summary 

Heat  is  produced  in  conductors  while  current  is  flowing 
through  them. 

Electrically  produced  heat  is  used  in  many  devices. 

Wires  and  other  conductors  often  become  so  heated  as  to 
cause  fires. 


Questions 

1.  How  can  you  prove  that  iron  wire  is  a  poor  conductor 
of  electricity? 

2.  Rewrite  the  following  list  and  next  to  each  word  state 
whether  the  substance  is  a  good  or  a  poor  conductor  of 
electricity :  glass,  air,  salt-water,  silver,  rubber,  copper, 
porcelain,  silk. 

3.  Why  do  electricians  often  wear  rubber  gloves  while 
working  with  charged  wires  ? 

4.  A  short  time  ago  a  man  was  electrocuted  in  his  bath¬ 
tub  when  he  attempted  to  turn  off  the  electric  light  above 
him.  Explain  how  this  was  possible. 

5.  Which  offers  greater  resistance  to  the  flow  of  elec¬ 
tricity,  a  thick  copper  wire  or  a  thin  copper  wire  ? 

6.  How  is  the  temperature  of  a  wire  affected  when  we 
increase  the  voltage  of  the  current  that  flows  through  the 
wire  ? 

7.  Name  five  electrically  heated  devices. 

8.  How  does  the  cost  of  current  required  to  operate  an 
electric  iron  compare  with  the  cost  of  current  required  to 
operate  an  ordinary  electric  light  for  the  same  length  of  time  ? 

9.  Why  is  the  wire  of  an  electric  toaster  always  thin? 

10.  Describe  either  the  electric  iron  or  the  electric  toaster. 
Make  a  diagram  to  show  the  important  parts. 

11.  Why  should  electric  wires  be  enclosed  in  fireproof 
conduits  ? 

12.  What  is  a  fuse?  Describe  two  types  of  fuses. 
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13.  What  causes  a  fuse  to  “  blow  out  ”  ? 

14.  How  may  a  burned-out  fuse  be  replaced  ? 

15.  About  how  many  amperes  of  current  will  the  usual 
branch  fuse  carry  ? 

16.  Where  should  you  look  for  the  fuse  box? 

17.  Some  people  find  that  when  a  fuse  burns  out  the 
break  in  the  circuit  can  be  repaired  by  inserting  a  copper 
cent  in  place  of  the  fuse.  Why  is  this  dangerous? 

18.  What  material  is  frequently  used  for  insulating  elec¬ 
tric  wires  ? 

19.  Name  two  other  good  insulating  substances. 

20.  What  is  meant  by  a  “  short  circuit  ”  and  how  may 
it  be  caused  ? 

Supplementary  Demonstrations  and  Projects 

1.  Melt  a  piece  of  fuse  wire  in  a  match  flame  to  show 
the  low  melting  point  of  fuse  wire. 

2.  Make  a  small  electric  stove. 

3.  Find  out  about  electric  furnaces  used  in  manufac¬ 
turing. 

4.  Write  a  composition  about  the  comfort  which  modern 
electrically  heated  devices  bring  to  the  home. 


What  Edison  has  made  possible. 


Ewing  Galloway 


PROBLEM  XIII 

HOW  DOES  THE  ELECTRIC  LAMP  WORK? 

“  I  wonder  how  many  of  you  ever  had  an  experience 
like  that  which  I  am  about  to  relate.  I  was  seated  at 
my  desk  late  one  evening,  absorbed  in  work,  my  books 
and  papers  spread  out  before  me.  The  table  lamp 
that  I  keep  on  my  desk  shed  its  pleasant  rays  on  the 
pages  of  the  book  which  at  that  moment  was  holding 
my  attention.  Other  members  of  the  family  were 
seated  in  the  living  room,  enjoying  books  by  the  light 
of  electric  floor  lamps  conveniently  placed  near  com¬ 
fortable  arm  chairs.  Suddenly  the  lights  went  out 
and  we  were  plunged  into  darkness  ! 

£<  It  was  some  time  before  I  managed  to  reach  my 
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matches  to  make  a  feeble  light.  Several  candles,  here¬ 
tofore  used  chiefly  for  decorating  tall  silver  candle¬ 
sticks,  were  lighted,  and  we  all  huddled  around  them 
like  moths  attracted  to  a  flame.  But  the  weak,  flick¬ 
ering  light  was  a  poor  substitute  for  the  steady  glow 
from  the  incandescent 1  lamp,  to  which  we  had  been 
so  accustomed.  0  how  we  appreciated  electricity  at 
that  moment !  Only  then  did  we  fully  realize  the 
great  gift  that  Thomas  Edison  had  bestowed  upon 
mankind.  With  a  small  pocket  flashlight  in  one  hand, 
I  looked  through  my  tool  box  but,  alas,  there  were 
no  fuses  left.  Hastily  I  telephoned  to  the  emergency 
office  of  the  electric  light  company.  A  new  fuse  was 
soon  installed  and  light  was  restored.” 

One  of  the  most  interesting  stories  in  the  history  of 
science  is  the  story  of  Edison’s  search  for  the  best 
materials  needed  for  his  invention  of  the  electric  lamp. 
How  for  years  he  searched  the  world  for  something 
that  would  make  a  satisfactory  filament ,2  trying  thou¬ 
sands  of  substances  and  writing  thousands  of  pages  in 
his  science  notebooks,  is  an  inspiration  to  all  young 
scientists.  You  may  learn  something  about  Edison’s 
work  by  reading  the  story  of  Edison,  at  the  end  of 
the  book. 

Of  what  is  an  electric  lamp  composed?  Examine 
several  burned-out  electric  lamp  bulbs.  The  first 
thing  you  may  notice  is  that  the  shapes  of  the  glass 

1  From  the  Latin,  candere,  “to  glow.”  An  incandescent  lamp  is,  there¬ 
fore,  a  lamp  that  glows. 

2  A  filament  is  a  fine  threadlike  wire  or  fiber,  from  the  Latin,  filum , 
“like  a  thread.” 
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bulbs  may  vary.  However,  this  is  not  very  impor¬ 
tant.  Break  one  of  the  bulbs  by  tapping  it  gently 
with  a  hammer  after  you  have  taken  the  precaution 
to  wrap  it  in  a  heavy  piece  of  cloth.  When  the  lamp 
breaks,  it  makes  quite  ^  _  „ 

’  1  HOUSE  CIRCUIT 

a  noise.  This  is  due  LEAD  ,N  WIRE 
to  the  fact  that  the 
globe  contains  an  al¬ 
most  perfect  vacuum, 
that  is,  a  space  from 
which  all  the  air  has 
been  pumped  out.  As 
soon  as  an  opening 
has  been  made  in  the 
glass,  the  air  from 
outside  crushes  the 
globe  and  it  collapses 
with  a  loud  sound. 

Look  for  the  fila¬ 
ment.  This  is  a  piece  of  very  fine  wire  made  of 
tungsten,  a  metal  which  offers  great  resistance  to 
a  current  and  melts  only  at  a  very  high  tempera¬ 
ture.  This  filament  is  supported  by  a  slender  glass 
rod  and  is  attached,  near  the  bottom,  to  two  wires 
that  lead  through  the  base  of  the  glass  rod.  One  of 
these  wires  is  soldered  to  the  side  of  the  brass  screw 
socket  of  the  lamp  and  the  other  is  soldered  to  the 
middle  of  the  socket,  at  the  very  bottom.  If  you 
examine  the  brass  socket  closely,  you  will  find  the 
small  piece  of  soldering  metal  where  each  of  the  vires 
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is  fastened.  These  soldered  connections  are  the  ter¬ 
minals  of  the  wire.  When  the  socket  of  the  lamp  is 
screwed  into  its  receptacle,  both  terminals  come  into 
contact  with  a  conductor  in  the  receptacle  and,  when 
the  current  is  turned  on,  a  complete  circuit  is  formed. 

Demonstration.  To  show  what  happens  when  the  cur¬ 
rent  is  turned  on.  You  have  already  successfully  demon¬ 
strated  that  a  wire  which  offers  great  resistance  to  the  flow 
of  electricity  will  become  heated.  Repeat  the  demonstration 
on  page  121,  using  a  much  more  powerful  current,  and 
omitting  the  thermometer.  Does  the  wire  glow?  Have 
you  succeeded  in  changing  electrical  energy  into  light? 
What  kind  of  a  current  is  needed  ?  What  kind  of  wire  gives 
good  results  ?  Keep  the  current  on  for  a  long  time  and  then 
examine  the  wire  after  it  has  had  a  chance  to  cool.  Does  it 
show  signs  of  rusting  or  corroding  ? 1  The  air  in  the  room 
supports  combustion  and  after  a  time  the  wire  will  burn  up. 
What  suggestion  can  you  make  to  overcome  this  oxidation 
or  combustion? 

The  incandescent  lamp.  After  many  years  of  trial, 
Edison  succeeded  in  inventing  a  satisfactory  incan¬ 
descent  lamp.  He  used  a  carbon  filament  carefully 
mounted  in  a  vacuum  tube  to  avoid  oxidation.  Since 
then,  tungsten ,  a  metal  that  resists  electricity  without 
easily  disintegrating,  has  replaced  carbon  for  use  as 
filaments.  Bulbs  filled  with  gas  that  wall  not  support 
combustion  are  also  being  used  in  addition  to  vacuum 
bulbs.  Tungsten  filaments  glow  with  a  whiter  and 
brighter  light  than  carbon  filaments.  In  the  long  run 

1  To  corrode  means  to  eat  away  gradually.  From  the  Latin,  rodere , 
“gnaw.”  -  - 
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they  are  therefore  cheaper  and  better  than  carbon 
lamps.  Those  who  use  the  gas-filled  bulb  in  prefer¬ 
ence  to  the  vacuum  bulb  claim  that  the  light  of  the 
gas-filled  lamp  is  more 
nearl}'  like  sunlight  in 


character  than  that 
produced  in  a  vacuum 
lamp,  and  therefore 
less  harmful  to  the 
eyes. 


The  brightness  of  a 
lamp  depends  upon  the 
pressure  of  the  current 
at  the  lamp  contact 


Two  types  of  electric  light  bulbs. 


and  the  resistance  of 

the  filament.  The  filament  does  not  bum  up  because 
combustion  can  take  place  only  in  oxygen.  Filaments 
do,  however,  become  vaporized  because  of  the  high 
temperatures  to  which  they  are  heated.  As  a  result 
of  this  slow  vaporization,  small  bits  of  tungsten  break 
off  from  the  filament  and  remain  in  the  bulb.  The 
worn  filament  causes  a  dimming  of  the  light.  Finally 
the  filament  becomes  so  badly  worn  at  some  point  that 
it  breaks,  and  the  current  ceases  to  flow.  The  lamp 
is  then  said  to  be  burnt  out. 

Electric  lamps  differ  in  construction,  according  to 
their  use.  You  have  already  learned  that  lamps  differ 
as  to  the  kind  of  filament  they  contain.  Lamps  also 
differ  as  to  the  voltage  of  the  current  which  is  required 
to  light  them.  Flashlight  bulbs  require  2  to  6  volts, 
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depending  on  the  size  of  the  flashlight.  Automobile 
bulbs  require  from  6  to  12  volts.  Christmas  tree  bulbs 
need  pressure  of  15  to  110  volts.  Household  bulbs 
require  110  volts.  Subway  bulbs  require  220  to  500 
volts. 

Demonstration.  To  show  the  effect  of  increased  voltage 
on  a  bulb.  Connect  a  small  Christmas  tree  bulb  in  a  circuit 
with  a  dry  cell.  Observe  the  light.  Connect  two,  three, 


Lighting  a  bulb  with  two  dry  cells.  Are  the  cells  connected  in  series  or  in  parallel? 

and  four  cells  together,  in  series,  and  in  each  case  observe 
.  the  light.  What  effect  has  the  increased  pressure  (voltage) 
on  the  brightness  of  the  light  ? 

Various  strengths  of  currents.  House  current  is 
delivered  at  a  pressure  of  110  volts.  In  order  to  obtain 
a  difference  in  brightness  of  light  on  such  a  circuit  we 
must  use  lamps  of  different  power.  The  power  of  a 
current,  as  you  have  learned,  is  measured  in  watts. 
The  wattage  of  the  lamp  is  usually  stamped  on  the 
globe  or  noted  on  a  small  tag  glued  to  the  bulb. 
Wattage  varies  from  5  watts  for  a  very  weak  light 
to  2000  watts  for  a  powerful  light.  Average  lamps 
used  in  homes  are  25,  40,  60,  75,  or  100  watts. 
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Stereopticon  machines  such  as  are  used  in  the  class¬ 
room  for  showing  lantern  slides  have  lamps  of  250  to 
500  wattage.  For  auditorium  use,  stereopticons  are 
equipped  with  lamps  varying  from  500  to  1000  watts. 
The  greater  the  wattage,  the  brighter  the  light,  but 
also  the  greater  the  amount  of  current  used.  For  an 
equal  length  of  time  a  100-watt  lamp  costs  twice  as 
much  to  bum  as  a  50- watt  lamp. 

To  make  a  list  of  the  many  uses  of  the  electric 
lamp  would  require  considerable  time.  The  home, 
automobiles,  subways,  streets,  theaters,  ships,  sub¬ 
marines,  light -houses,  window  displays,  electric  signs, 
and  airplanes  are  only  a  few  of  the  places  where  this 
useful  device  can  be  found. 

Summary 

The  electric  lamp  consists  of  a  filament  mounted  in  a 
glass  bulb  free  from  oxygen. 

A  current  heats  the  highly  resisting  filament  so  that  it 
becomes  luminous  or  incandescent. 

Electric  lamps  differ  in  construction,  according  to  their  use. 
The  electric  light  is  in  common  and  widespread  use. 

How  Much  Have  You  Learned? 

Which  of  the  following  statements  are  true  and  which  are 
false  ? 

T.  F.  1.  All  electric  light  bulbs  are  vacuums. 

T.  F.  2.  Edison  invented  the  incandescent  lamp. 

T.  F.  3.  The  filament  of  Edison’s  lamp  was  made  of 
tungsten. 

T.  F.  4.  Some  bulbs  are  filled  with  oxygen. 

T.  F.  5.  Tungsten  melts  at  a  very  high  temperature. 
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T.  F. 

6. 

T.  F. 

7. 

T.  F. 

8. 

T.  F. 

9. 

T.  F. 

10. 

T.  F. 

11. 

T.  F. 

12. 

T.  F. 

13. 

T.  F. 

14. 

T.  F. 

15. 

T.  F. 

16. 

T.  F. 

17. 

T.  F. 

18. 

T.  F. 

19. 

T.  F. 

20. 

Tungsten  offers  great  resistance  to  the  flow  of 
electricity. 

The  thinner  the  filament,  the  greater  the  resist¬ 
ance  to  current. 

Carbon  may  be  used  as  a  filament. 

Edison  searched  for  years  before  he  found  a  suit¬ 
able  filament  for  the  incandescent  lamp. 

A  vacuum  bulb  explodes  when  it  is  broken. 

The  greater  the  voltage  of  the  current,  the  greater 
the  heat  produced  in  the  filament. 

Vacuum  tubes  prevent  oxidation  of  the  filament. 
Tungsten  filaments  may  be  changed  to  vapor  by 
the  intense  heat  produced. 

A  tungsten  lamp  never  grows  dim. 

If  tungsten  lamps  are  not  roughly  handled,  they 
will  burn  forever. 

All  lamps  require  a  current  of  110  volts. 

The  greater  the  wattage,  the  brighter  the  light. 
The  greater  the  wattage,  the  more  current  is 
used  for  any  given  time. 

Copper  is  good  material  for  a  lamp  filament 
because  it  is  a  good  conductor  of  electricity. 

Five  lamps,  each  marked  1000  watts,  would  give 
the  needed  amount  of  light  for  your  living  room. 


Supplementary  Demonstrations  and  Projects 

1.  Find  out  the  wattage  of  a  lamp  by  using  a  voltmeter 
and  an  ammeter. 

2.  Read  about  mercury  vapor  lamps. 

3.  Connect  several  strings  of  Christmas  tree  lamps  in  a 
single  circuit. 

4.  Write  a  composition  about  Edison’s  invention  of  the 
incandescent  lamp. 

5.  Find  out  the  wattage  of  the  various  lamps  in  your 
home  and  school. 


A  broadcasting  studio.  Locate  the  microphone. 


PROBLEM  XIV 

HOW  DID  WE  GET  OUR  FIRST  RADIO? 

Tick-tick-tick,  a  pause,  and  then  again,  tick-tick- 
tick.  Merely  faint  sounds  that  would  mean  very 
little  to  the  average  person,  but  the  man  who  heard 
these  sounds  coming  through  a  telephone  receiver  held 
to  his  ear  realized  that  a  marvelous  thing  had  hap¬ 
pened.  The  man  was  William  Marconi ;  the  place 
was  Newfoundland ;  and  the  time  was  December,  1901. 
Across  the  ocean,  in  Cornwall,  England,  an  assistant 
was  ticking  off  a  telegraph  message.  The  current 
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passed  through  a  spark  coil  and,  without  the  use  of 
wires,  the  message  reached  the  ears  of  Marconi  in 
Newfoundland.  No  wonder  that  Marconi  was  happy ; 
this  was  the  first  wireless  message  ever  to  be  sent  across 
the  Atlantic  Ocean. 

The  development  of  wireless  telegraphy  is  an  inter¬ 
esting  chapter  in  the  story  of  communication.  In 
1S65,  James  Clark  Maxwell,  professor  of  physics  in 
the  University  of  Edinburgh,  declared  that  an  electric 
circuit  produced  electromagnetic  waves  in  space. 
Maxwell  did  not  prove  this  by  experiments,  but  he 
convinced  a  number  of  scientists  that  his  conclusion- 
was  correct.  The  more  practical  of  these  decided 
that  they  would  try  to  produce  some  of  these  waves. 

For  years  nothing  interesting  happened.  Then  a 
great  bit  of  news  came  from  Germany,  in  1888.  There 
Heinrich  Hertz,  a  young  man  who  was  always  per¬ 
forming  experiments  with  electrical  apparatus,  was 
busy  working  with  a  spark  coil.  With  an  induction 
coil,  such  as  you  learned  about  a  short  time  ago,  he 
produced  a  strong  spark.  He  then  picked  up  a  loop 
of  wire,  circular  in  shape,  but  not  quite  closed.  Mov¬ 
ing  some  distance  away  from  the  sparking  machine,  he 
held  the  loop  of  wire  in  his  hands  and  faced  the  spark 
coil.  Imagine  his  delight  when  he  saw  a  spark  leap 
across  the  gap  in  the  wire  loop !  Maxwell’s  theory 
that  an  electric  current  produces  electromagnetic  waves 
in  space  wras  proved.  You  may  have  heard  radio 
waves  referred  to  as  Hertzian  waves ;  you  know,  now, 
how  the  name  originated. 
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The  success  of  Hertz  led  many  scientists  to  experi¬ 
ment  with  electromagnetic  waves  sent  through  short 
distances  by  means  of  a  spark  coil.  These  experiments 
stirred  the  ambition  of  young  Marconi,  in  Italy.  Mar¬ 
coni  unproved  on  the  work  of  those  who  came  before 
him  and  soon  he  was  able  to  send  telegraph  messages, 
without  wires,  across  the  English  Channel.  Greatly 
encouraged  by  his  successes,  Marconi  determined  to 
send  wireless  messages  across  the  Atlantic  Ocean.  He 
constructed  a  powerful  sparking  coil  in  Cornwall  and 
traveled  to  Newfoundland  to  receive  the  first  trans¬ 
atlantic  wireless  message,  the  letter  “  S  ”  which,  in 
the  Morse  Code,  is  represented  by  three  dots. 

After  Marconi’s  achievement,  wireless  telegraphy 
progressed  rapidly.  Alexanderson,  an  American  scien¬ 
tist,  showed  how  powerful  alternating  generators  can 
be  used  to  send  wireless  waves.  Then  came  the  inven¬ 
tion  of  the  vacuum  tube,  in  1904,  by  Dr.  Fleming,  an 
English  scientist,  and  its  improvement  by  Lee  De 
Forrest.  In  1908  the  first  transatlantic  station  for  the 
use  of  the  public  was  opened.  By  1912  an  interna¬ 
tional  agreement  was  reached,  to  equip  all  ships  of  a 
certain  size  with  radio  transmission  apparatus.  Many 
lives  have  been  saved  at  sea,  since  then,  because  of  this 
decision.  “  Broadcasting,”  or  wireless  telephone  trans¬ 
mission  from  a  powerful  central  station,  was  begun  in 
Pittsburgh,  in  1921,  bringing  the  radio  into  the  home, 
and  creating  millions  of  radio  “  fans  ”  all  over  the 
country. 

A  full  understanding  of  the  radio  depends  so  much 
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on  knowledge  of  the  principles  of  electricity  that  it  is 
advisable,  here,  to  recall  how  the  action  of  the  chem¬ 
icals  in  an  electric  cell  produces  an  electric  current. 

All  substances  are  composed  of  small  particles  of 
matter,  or  molecules.  Scientists  suppose  that  these 
molecules  are,  in  turn,  composed  of  atoms.  Thus,  a 
molecule  of  water  contains  two  atoms  of  hydrogen  and 
one  atom  of  oxygen.  This  condition  is  indicated  by 
the  equation :  Water  =  H20.  In  a  similar  manner,  a 
sal  ammoniac  molecule  is  composed  of  one  atom  of 
nitrogen,  one  atom  of  chlorine,  and  four  atoms  of 
hydrogen.  This  is  indicated  by  the  equation :  Sal 
ammoniac  =  NH4C1. 

Each  atom  is,  in  turn,  made  up  of  tiny  particles  of 
electricity,  known  as  electrons.  An  atom  of  hydrogen 
always  contains  two  electrons,  one  of  which  is  supposed 
to  revolve  around  the  other,  although  scientists  are 

not  quite  certain 
that  this  is  so. 
Oxygen  atoms  con¬ 
tain  eight  such  re¬ 
volving  electrons ; 
carbon  atoms  con¬ 
tain  six ;  nitro- 

What  do  these  drawings  represent?  . 

gen  atoms  contain 
seven ;  and  zinc  atoms  contain  thirty.  Since  all  matter 
is  composed  of  electrons,  and  electrons  are  really  small 
amounts  of  electricity,  matter  is  electricity. 

Action  in  an  electric  cell.  When  a  substance,  such 
as  sal  ammoniac  (XH4C1),  is  dissolved  in  water,  the 
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Dissolving  sal  ammoniac  in  water. 


water  molecules  separate  the  chlorine  atoms  from  the 
other  atoms.  Instead  of  the  one  group,  NH4C1,  there 
are  now  two  groups  of 
atoms,  NH4  and  Cl. 

When  this  separation 
takes  place,  the  chlorine 
carries  away  electrons 
belonging  to  the  hydrogen 
in  the  water.  This  leaves 
each  hydrogen  atom  with 
only  one  electron  instead 
of  two.  When  the  zinc  and  carbon  electrodes  are  in¬ 
troduced,  zinc  atoms  combine  with  chlorine  atoms  to 
form  a  new  substance,  zinc  chloride  (ZnCL).  The 
zinc  takes  over  the  extra  electrons  which  the  chlorine 
atoms  formerly  took  from  the  hydrogen.  Each  hydro¬ 
gen  atom,  still  lacking  an  electron,  clings  to  the  carbon 

electrode  and  takes  from  it  the 
electron  that  it  lacks.  As  this 
action  continues,  the  zinc  ac¬ 
cumulates  an  excess  of  elec¬ 
trons,  that  is,  more  than  it 
needs,  and  the  carbon  lacks 
electrons. 

When  copper  wire  conduc¬ 
tors  are  connected  to  the  zinc 
and  carbon  electrodes,  the  elec¬ 
trons  rush  from  the  zinc  electrode,  where  there  is  an 
excess  of  electrons,  toward  the  carbon  electrode,  where 
electrons  are  lacking. 


Note  how  the  chlorine  combines 
with  the  zinc  of  the  zinc  electrode 
to  form  zinc  chloride,  ZnCk. 
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This  movement  of  electrons  through  a  circuit  is 
known  as  an  electric  current.  When  a  bell,  connected 
in  an  electric  circuit,  is  made  to  ring,  it  indicates  that 

there  is  a  flow  of  elec¬ 
trons  through  the  mag¬ 
netic  coils  of  the  bell. 
In  a  similar  manner, 
lighting  an  electric 
bulb  connected  in  a 
circuit  shows  that 
electrons  are  flowing 
through  the  filament 
of  the  lamp. 

Filaments,  like  every  other  substance,  are  made  up 
of  atoms  and  electrons.  When  a  filament  is  being 
heated  by  the  flow  of  a  current,  some  of  the  electrons 
are  hurled  from  the  filament  and  bombard  the  inside 
surface  of  the  bulb.  After  a  time  the  inside  of  the 
bulb  becomes  blackened  by  the  accumulation  of  elec¬ 
trons  and,  finally,  as  you  have  learned,  the  filament 
becomes  so  thin  that,  at  some  point,  it  breaks,  making 
the  lamp  no  longer  fit  for  use. 


Electrons  flow  from  a  place  where  they  are  in 
excess  to  a  place  where  they  are  lacking. 


Demonstration.  To  show  how  the  material  of  a  filament 
may  be  deposited  on  the  inner  surface  of  a  bulb.  Connect 
a  small  flashlight  bulb  usually  operated  by  two  small  cells 
to  a  four-cell  dry  battery.  This  will  use  up  the  filament  of 
the  lamp  rapidly.  After  a  time  note  the  appearance  of  the 
bulb.  What  do  you  observe  ? 

Examine  a  used-up  bulb  in  which  there  is  a  black  deposit 
on  the  inner  surface.  What  caused  this  deposit? 
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Demonstration.  To  show  the  presence  of  hydrogen 
bubbles  at  the  positive  electrode  of  a  cell.  Insert  a  strip  of 
copper  and  a  strip  of  zinc  in  a  glass  containing  dilute  sul¬ 
phuric  acid.  Connect  the  ends  of  the  metal  strips  to  a  dry 
cell  and  note  the  bubbles  that  form  on  the  copper  plate. 

Demonstration.  To  show  the  action  of  a  sal  ammoniac 
cell.  Dissolve  some  sal  ammoniac  in  water.  Insert  a  zinc 
rod  and  a  carbon  rod  into  the  solution.  For  better  results 
it  is  advisable  to  heat  the  carbon  rod  in  a  Bunsen  flame  and 
immerse  it  in  a  dilute  solution  of  nitric  acid  before  putting  it 
into  the  sal  ammoniac.  Connect  the  ends  of  the  zinc  and 
carbon  electrodes  to  an  electric  bell.  What  happens  ? 

The  nitric  acid  treatment  may  be  repeated  as  often  as 
necessary. 

Caution.  Keep  these  acids  in  safe  places  and  use  them  only 
under  the  supervision  of  your  science  teacher. 


Summary 

Many  scientists  contributed  to  the  development  of  the 
radio. 

Understanding  the  radio  is  dependent  upon  knowledge  of 
what  goes  on  in  the  electric  cell. 

All  substances  are  composed  of  particles  of  electricity 
known  as  electrons. 

Chemical  action  in  an  electric  cell  causes  electrons  to  move 
from  where  they  are  in  excess  to  where  they  are  lacking. 

This  movement  of  electrons  is  an  electric  current. 

Questions 

1.  Who  was  the  first  man  to  send  wireless  messages  across 
the  Atlantic  Ocean  ?  In  what  year  was  this  done  ? 

2.  What  was  Heinrich  Hertz’s  important  contribution  to 
the  development  of  the  radio  ? 
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3.  In  connection  with  developing  the  radio,  what  did 
Fleming  and  L)e  Forrest  do  ? 

4.  What  did  Alexanderson  do  toward  making  the  modern 
radio  possible? 

5.  Where  was  the  first  public  radio  broadcasting  station 
located  ? 

6.  Of  what  value  is  the  radio  to  ships  at  sea  ? 

7.  Of  the  three  terms,  molecule,  atom,  and  electron, 
which  represents  the  smallest  division  of  matter? 

8.  In  what  direction  do  the  electrons  in  a  zinc-carbon- 
sal  ammoniac  cell  move  ? 


WOR  broadcasting  station. 


PROBLEM  XV 

HOW  ARE  RADIO  WAVES  PRODUCED? 

Now  that  you  know  something  about  the  way  in 
which  the  radio  was  developed,  you  are  ready  to  learn 
what  radio  waves  are  and  how  they  may  be  produced. 
Let  us  begin  with  an  illustration  that  will  be  easy  to 
understand.  If  a  stone  is  dropped  into  the  quiet  water 
of  a  pond,  the  wrater  is  disturbed  and  waves  are  sent 
out  in  every  direction  from  the  point  where  the  stone 
strikes  the  surface  of  the  water.  A  cork  floating  on 
the  surface  of  this  same  pond  and  some  distance  from 
the  point  where  the  stone  was  dropped  will  begin  to 
bob  up  and  down  when  the  waves  reach  it.  The  bob¬ 
bing  cork  has  received  some  of  the  energy  of  the  falling 
stone. 
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With  a  stick,  strike  a  sharp  blow  on  the  desk.  Per¬ 
sons  in  the  room  hear  this  sound  although  they  are 


A  stone  dropped  into  the  water  sets  up  waves  which  will  cause  the  cork  to  move  up  and 

down. 


some  distance  away  from  the  stick.  The  blow  has 
caused  a  disturbance  in  the  air  and,  just  as  waves 
spread  out  over  the  surface  of  the  pond  when  the  stone 
struck  the  water,  so  waves  travel  through  the  air  in 
every  direction  from  the  center  of  disturbance.  And  the 
ear  receives  some  of  the  energy  of  the  blow.  These 

are  sound  waves. 

Turn  on  an  elec¬ 
tric  light .  Immedi- 
ately  the  light  sets 
up  a  series  of  light 
waves  which  travel 
in  ever-widening 
spheres  from  the 
center,  or  source,  of  disturbance.  When  this  disturb¬ 
ance  reaches  the  eye  of  a  person,  the  person  sees  the  light. 
The  eye  has  received  part  of  the  energy  of  the  light. 


The  stick  sets  up  a  set  of  disturbances  known  as 
sound  waves. 


RADIO  WAVES 
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Obtain  an  induction  coil  such  as  can  be  used  to  make 
a  spark.  This  spark  is  the  center  of  a  disturbance, 
this  time  an  electrical  disturbance,  which  sends  out 
spherical  waves  of  electricity  in  every  direction.  You 
may  recall  how  »x  ;  /  y 

Hertz  held  a  loop, 
containing  a  small 
gap,  at  some  dis¬ 
tance  from  a  spark 
produced  by  an  in¬ 
duction  coil.  His 

lnrvn  rpppiVprl  cnrr»P  The  spark  made  with  an  induction  coil  is  the  center 
luur  ictcivcu  ouiiic  0f  an  eiectrical  disturbance  which  sends  out  spherical 

of  the  electrical  ™ves  of  electricity. 

disturbances  set  up  by  the  spark  and  the  result  was  a 
spark  across  the  gap  in  the  loop.  Such  waves  of  elec¬ 
trical  disturbance  are  called  radio  waves,  because  they 
radiate  in  every  direction  from  the  center  of  disturb¬ 
ance.  This  kind  of  disturbance  is  not  like  the  dis¬ 
turbance  set  up  by  the  stone  dropped  into  the  pond 
or  the  stick  striking  a  blow,  for  we  can  neither  see  it 
nor  hear  it.  The  waves  set  up  by  a  center  of  electrical 
disturbance  cannot  be  sensed  by  human  beings  in  any 
way.  Only  sensitive  radio  receiving  instruments  can 
detect  these  waves ;  just  how,  we  shall  learn  later. 

Demonstration.  To  produce  an  electrical  disturbance. 

Connect  four  dry  cells,  in  series,  as  shown  in  the  illustration 
on  page  151.  Connect  the  cells  to  an  induction  coil  arranged 
as  a  sparking  machine.  Make  the  other  connections  as 
shown.  The  wire  that  goes  to  the  ground  may  be  attached 
to  a  radiator  pipe  whence  it  will  be  carried  down  to  the 
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ground.  The  sending  antenna  1  may  consist  of  a  bare  cop¬ 
per  wire  the  full  length  of  the  room  and  stretched  along 
the  wall  about  seven  feet  from  the  floor.  Insulate  the  wires 
from  the  wall  by  means  of  rubber  stoppers.  When  all  is 
ready,  turn  on  the  switch  and  note  the  spark.  Make  and 
break  the  current  by  closing  and  opening  the  switch.  This 
will  set  up  a  series  of  disturbances  that  will  pass  out  into 
space  in  the  form  of  spherical  waves.  A  radio  receiving  set, 
like  an  artificial  sense,  perhaps  a  great  distance  from  the 
center  of  disturbance,  will  receive  some  of  the  energy  of  this 
electrical  disturbance.  Receiving  sets  will  be  described  in 
more  detail  later. 

Electrical  disturbances  can  be  produced  in  several 
ways.  Whenever  electrons  are  made  to  rush  back 
and  forth,  they  create  a  center  of  electrical  disturbance. 
In  the  induction  coil,  a  rush  of  electrons  in  the  second¬ 
ary  coil  causes  a  great  enough  electrical  pressure  to 
permit  the  electrons  to  leap  across  the  gap,  making  a 
spark.  And  because  the  current  induced  in  a  second¬ 
ary  coil  is  an  alternating  current  (see  Problem  IX, 
pages  99-100),  the  electrons  rush  back  and  forth 
across  the  gap.  This  is  the  kind  of  disturbance  which 
is  the  center  of  radio  waves  and  which  is  used  in  wire¬ 
less  telegraphy.  It  was  from  just  such  a  center  of 
electrical  disturbance  that  Marconi  sent  the  first  wire¬ 
less  telegraph  message  across  the  Atlantic  Ocean. 

Demonstration.  To  operate  a  simple  wireless  telegraph 
station.  Again  set  up  the  apparatus  as  shown  in  the  illus- 

1  An  antenna  is  one  of  the  feelers  on  the  head  of  an  insect.  A  radio 
antenna  is  so  named  because  it  “feels”  or  catches  electromagnetic  waves 
in  space. 
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tration.  This  time  include  a  receiving  station.  A  crystal 
detector ,  such  as  is  shown  in  the  diagram  of  the  receiving  set, 
can  be  purchased  for  very  little  money.  Perhaps  your 
science  teacher  can  supply  one.  You  will  now  need  two 
antenna  wires,  one  for  the  sending  set  and  the  other  for  the 
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A  wireless  telegraph  set. 


receiving  set.  These  may  be  strung  on  opposite  walls, 
making  certain  to  insulate  them  from  the  walls  by  means  of 
rubber  stoppers. 

Another  way  to  make  electrons  surge  back  and  forth 
so  as  to  create  a  center  of  electrical  disturbance  for 
sending  out  radio  waves,  is  to  use  an  alternating  cur¬ 
rent  generator.  This,  you  will  recall,  was  the  idea  of 
Alexanderson.  The  electrons  are  made  to  rush  back 
and  forth  in  the  armature  coil.  By  this  method  a 
stronger  disturbance  can  be  set  up  than  with  an  induc¬ 
tion  coil,  permitting  messages  to  be  sent  more  clearly 
and  at  greater  distances. 

A  third  way,  and  a  much  better  way  than  either  of 
the  other  two  just  mentioned,  is  to  make  electrons 
rush  back  and  forth  in  a  vacuum  tube.1  Just  how  this 

1  A  small  tube  used  in  radio  sets.  It  resembles  an  ordinary  vacuum 
electric  light  bulb.  It  will  be  fully  explained  in  Problem  XVI. 
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is  done  will  be  explained  later.  For  the  present  it  is 
sufficient  to  know  that  the  vacuum  tube  is  superior  to 
the  induction  coil  or  the  alternating  generator  as  a 
center  of  electrical  disturbance  because  with  it  the 
rush  of  electrons  can  be  controlled ;  that  is,  the  number 
of  electrons  that  rush  back  and  forth  can  be  varied  at 
will.  Because  electrons  sent  out  by  means  of  the 
induction  coil  or  the  generator  cannot  be  controlled, 
these  sending  deuces  can  be  used  only  for  sending 
simple  messages,  such  as  the  dot  and  dash  signals  of 
wireless  telegraphy.  With  the  vacuum  tube  it  is  pos¬ 
sible  to  send  out  radio  waves  that  correspond  to  the 
variations  in  the  sound  of  a  voice  or  a  musical  instal¬ 
ment.  For  this  reason  the  invention  of  the  vacuum 
tube  has  made  possible  radio  broadcasting  of  speech 
and  music. 

The  electrical  disturbance  travels  out  in  all  direc¬ 
tions  with  the  speed  of  light.  Light  travels  at  the  rate 
of  186,000  miles  per  second  and  so  do  the  electrical 
disturbances  set  up  by  rushing  electrons.  At  this  rate 
a  radio  wave  can  travel  around  the  world  seven  times 
in  one  second ! 


Summary 

A  disturbance  at  a  point  may  produce  certain  effects  at 
a  distance. 

Electrical  disturbances  may  be  produced  in  several  ways : 

a.  By  an  electric  spark  which  makes  electrons  rush 
back  and  forth  across  an  air  gap. 

b.  By  an  alternating  current  generator  which  makes 
electrons  rush  back  and  forth  in  the  armature  coils. 
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c.  By  a  vacuum  tube. 

The  electrical  disturbance  travels  outward  in  every  direc¬ 
tion  with  the  speed  of  light  waves. 

Questions 

1.  Mention  three  ways  in  which  a  center  of  electrical 
disturbance  may  be  produced. 

2.  Which  of  these  was  the  earliest  ? 

3.  Which  was  used  by  Alexanderson  ? 

4.  Which  was  used  by  Marconi  ? 

5.  Which  is  used  in  broadcasting  musical  programs  ? 

6.  What  is  the  shape  of  the  waves  produced  by  a  center 
of  electrical  disturbance  ? 

7.  How  fast  do  these  waves  travel? 

8.  Who  was  the  first  man  to  show  that  electromagnetic 
waves  can  be  received  ? 

9.  Why  is  a  radio  receiving  set  like  an  artificial  sense  ? 

10.  Why  do  electrons  rush  back  and  forth  across  the  gap 
of  an  induction  coil  instead  of  leaping  across  in  one  direction 
only? 

11.  What  are  the  essential  parts  of  a  simple  wireless  tele¬ 
graph  station? 

Of  the  three  words,  or  numbers,  in  parentheses  in  each  of 
the  following  statements,  choose  the  one  that  correctly  com¬ 
pletes  the  statement. 

1.  The  earliest  method  of  producing  radio  waves  was  the 
one  that  employed  the  (generator,  sparking  coil,  vacuum 
tube). 

2.  Marconi  sent  wireless  messages  by  means  of  a  (gener¬ 
ator,  sparking  coil,  vacuum  tube). 

3.  Alexanderson  sent  wireless  messages  by  means  of  a 
(generator,  sparking  coil,  vacuum  tube). 

4.  A  rush  of  electrons  can  be  controlled  by  a  (vacuum 
tube,  induction  coil,  antenna). 

R.  SCI.  BK.  THREE —  11 
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5.  Radio  waves  are  (circular,  spherical,  irregular)  in  shape. 

0.  Radio  waves  travel  at  the  rate  of  (18,600,  1860, 186,000) 
miles  per  second. 

Supplementary  Demonstrations  and  Projects 

1.  Set  up  a  elassroom-to-classroom  broadcasting  station, 
using  a  homemade  induction  coil  and  antenna  wires  stretched 
across  the  room. 

2.  Find  out  the  names  and  uses  of  the  parts  that  make 
up  a  professional  broadcasting  set. 

3.  Read  about  the  life  and  work  of  either  Hertz,  Alexan- 
derson,  or  Marconi,  and  report  to  your  classmates. 

4.  Look  up  the  meanings  of  “  wave  frequency,”  “  audio 
frequency,”  and  “  radio  frequency  ”  and  explain  the  mean¬ 
ings  of  these  terms  to  your  classmates. 


. . . -  -  - -  - : 

yW18 

Brown  Bros. 

A  message  that  reaches  millions  of  people. 


PROBLEM  XVI 

HOW  DOES  THE  VACUUM  TUBE  OPERATE  TO 
BROADCAST  SOUNDS? 

When  savage  African  tribesmen  first  heard  sounds 
come  out  of  a  phonograph,  they  looked  upon  the  box 
in  which  the  phonograph  was  contained  as  a  magic 
box.  At  first  they  were  afraid  of  it  and  hoped  that 
the  white  “  magician  ”  who  owned  the  box  would  not 
use  it  to  do  them  harm.  Learning,  however,  that  no 
harm  was  meant,  they  gave  themselves  up  to  the  com¬ 
plete  enjoyment  of  the  wonderful  thing.  The  white 
“  magician,”  however,  knew  just  how  the  sounds  were 
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produced.  To  him,  there  was  no  magic  in  the  mys¬ 
terious  box.  The  vacuum  tube  seems  almost  like  a 
magic  instrument  to  us,  but  we  cannot  afford  to  be 
placed  in  the  position  of  the  African  savage ;  we  must, 
like  the  white  “  magician,”  learn  how  the  vacuum  tube 
does  its  work. 

Let  us  begin  by  examining  a  worn-out  vacuum  tube 
as  we  examined  a  worn-out  electric  light  bulb,  some 
time  ago.  Wrap  the  tube  in  a  piece  of  cloth  and  break 
the  glass  with  a  few  gentle  blows  of  a  hammer.  The 
first  thing  you  will  notice  is  that  the  vacuum  tube 
resembles  an  electric  light  bulb.  When  tapped  with 


a  hammer,  the  breaking 
glass  collapses,  showing 


-Plate  that  it  contained  a  vacuum. 


Filament. 


Look  for  the  filament. 
You  will  find  it  at  the  very 
center  of  the  tube.  Like 
the  filament  of  an  electric 
light  bulb,  it  is  made  of 
tungsten.  Two  wires  lead 


A  radio  vacuum  tube. 


from  the  filament  to  two  prongs  at  the  base  of  the  tube. 
These  prongs,  in  turn,  can  be  connected  to  a  source  of 
current  which  lights  the  filament. 

Almost  inclosing  the  filament  is  a  cylindrical  plate  of 
very  thin  metal.  A  wire  leads  down  from  the  plate 
through  the  base  of  the  tube  and  ends  in  a  third 
prong. 

Carefully  remove  the  cylindrical  plate.  Next  to  the 
filament  you  will  see  a  delicate,  ladder-like  arrangement 
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of  wires  known,  because  it  resembles  a  gridiron,  as  the 
grid.  A  wire  leads  from  the  grid,  through  the  base  of 
the  tube,  to  the  fourth  prong. 

The  vacuum  tube  operates  so  as  to  become  a  center 
of  disturbance.  When  the  current  is  turned  on  it 
flows  through  the  filament  circuit  and  heats  the  fila¬ 
ment  until  it  glows.  A  glowing-hot  filament,  as  you 
have  learned  (Problem  XIII,  page  135),  evaporates 
electrons.  This  effect  was  discovered  by  Edison  and 
is  known  as  the  “  Edison  Effect.”  Edison  also  dis¬ 
covered  that  the  space  around  the  heated  filament 
becomes  charged  with  negative  electricity. 

The  plate  is  connected  to  the  positive  electrode  of 
the  source  of  current.  The  plate  is  therefore  negatively 


charged  and,  since  opposite  kinds  of  electricity  attract, 
electrons  rush  from  the  filament  to  the  plate,  causing  a 
current  to  flow. 
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The  grid,  as  you  know,  is  located  between  the  fila¬ 
ment  and  the  plate.  An  alternating  current  is  supplied 
to  the  grid,  that  is,  a  current  that  is  negative  and  posi¬ 
tive  by  turns. 

Now  the  plate,  as  you  may  see  by  examining  the 
diagram,  is  connected  to  the  primary  coil  of  the  in¬ 
duction  coil.  A  variable  current  is  thus  supplied  to 
the  primary  coil  which  induces  a  current  in  the  sec¬ 
ondary  coil.  This  current  oscillates  back  and  forth 
in  time  with  the  filament-plate  current  oscillations. 
These  oscillations  are  communicated  to  the  antenna, 
also  known  as  the  aerial,  which  is  part  of  the  coil 
circuit,  and  are  so  rapid,  30,000  to  3,000,000  per  sec¬ 


ond,  that  radio 
waves  ‘  ‘  leap  ’’from 
the  aerial  into 
space. 


I 


Vacuum  tubes 
used  in  transmit¬ 
ting  stations  re¬ 
semble  the  vacuum 
tube  we  have  just 
discussed  except 
that  they  are  much 
larger.  Some 


Types  of  vacuum  tubes. 


weigh  sixty  pounds  or  more  and  use  1000  kilowatts  of 
current.  Such  tubes  contain  enough  tungsten  to  make 
filaments  for  150,000  lamps  of  the  kind  usually  used  in 
the  home.  Some  of  the  types  of  vacuum  tube  used  in 
transmission  of  radio  waves  are  shown  above. 
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The  radio  disturbance  may  be  varied  in  accordance 
with  the  variations  of  sounds.  In  the  explanation  of 
the  vacuum  tube,  thus  far,  the  waves  sent  out  by  the 
grid  circuit  are  steady  and  continuous.  These  waves 
will  be  of  constant  strength.  In  order  to  make  them 
vary  in  accordance  with  sounds  such  as  are  produced 
in  speech,  in  singing,  or  by  means  of  musical  instru¬ 
ments,  a  microphone  is  introduced  in  the  plate  circuit. 
A  microphone  is  an  instrument  exactly  like  a  telephone 
transmitter.  As  sounds  enter  the  microphone  the 
granules  of  carbon  in  it  are  compressed  in  accordance 
with  the  sounds  and  set  up  a  variable  current  in  the 
plate  circuit  just  as  they  do  in  a  telephone  circuit. 
This  variable  current  causes  a  corresponding  variation 
in  the  grid  circuit  and  results  in  radio  waves  which 
also  vary  in  the  same  way.  When  the  sound  is  strong, 
the  resulting  waves  are  also  strong ;  when  the  sound  is 
weak,  the  resulting  radio  waves  are  weak.  It  is  just 
like  dropping  stones  of  various  size  into  a  pond  of 
water.  When  the  stone  is  large,  the  waves  will  be 
high ;  when  the  stone  is  small,  the  waves  will  be  low. 
The  result,  in  radio  broadcasting,  is  that  variations  in 
sound  can  be  reproduced. 

Summary 

The  vacuum  tube  consists  of  a  filament,  plate,  and  grid, 
inclosed  in  a  glass  bulb  which  contains  a  vacuum. 

The  vacuum  tube  operates  so  as  to  become  the  center  of 
an  electrical  (radio)  disturbance. 

The  radio  disturbance  may  be  varied  in  accordance  with 
variations  in  sounds  directed  against  a  microphone. 
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Questions 

1.  Of  what  material  is  the  filament  of  a  vacuum  tube 
usually  made? 

2.  Who  discovered  the  fact  that  when  a  filament  is 
heated,  the  space  around  the  filament  is  charged  with  nega¬ 
tive  electricity  ? 

3.  Make  a  diagram  showing  the  relative  positions  of  the 
filament,  plate,  and  grid  in  the  vacuum  tube. 

4.  Why  does  the  positively  charged  plate  attract  the  neg¬ 
atively  charged  electrons  ? 

5.  How  many  oscillations  per  second  is  the  vacuum  tube 
capable  of  producing  in  the  electrons  that  rush  back  and 
forth  between  the  filament  and  the  plate  ? 

6.  Describe  a  microphone. 

7.  What  is  the  purpose  of  the  microphone  in  connection 
with  radio  ? 

8.  Who  invented  the  vacuum  tube  described  in  this 
Problem  ? 


Keystone  —  Underwood 

Few  homes  are  now  without  a  radio.  What  is  the  man  at  the  radio  doing? 


PROBLEM  XVII 

HOW  DOES  A  SIMPLE  RADIO  RECEIVING 
SET  OPERATE? 

The  late  afternoon  was  cold,  and  a  heavy  snow  had 
been  falling  for  several  hours.  Fred  parted  the  cur¬ 
tains  and  peered  through  the  window.  He  had  just 
finished  his  homework  and  dinner  time  was  still  almost 
an  hour  off.  If  he  could  have  his  own  way,  he  would 
have  gone  out  into  the  snow  to  try  his  new  coaster  on 
the  inviting  hill  just  opposite  the  house.  But  he  had 
come  home  so  wet  from  the  results  of  a  snowball  battle 
that  his  mother  had  made  him  change  to  dry  clothes 
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and  he  knew  she  would  not  permit  him  to  go  out  again 
until  the  following  day.  Turning  from  the  window  he 
walked  over  to  the  radio  in  the  far  corner  of  the  room 
and  began  turning  the  knobs.  There  came  from  the 
radio  cabinet  a  low  murmur,  then  a  few  sputtering 
sounds,  and  then  a  burst  of  music,  the  merry  twang  of 
a  banjo. 

Fred  never  quite  got  over  wondering  about  the 
radio.  How  was  it  possible,  merely  by  turning  a  few 
knobs,  to  get,  over  the  radio,  music,  speech,  and  songs 
from  places  sometimes  many  miles  distant. 

What  to  Fred  was  entirely  a  mystery,  you  already 
understand,  in  part.  You  have  learned  how  radio 
waves  may  be  broadcast ;  it  now  remains  to  find  out 
how  they  may  be  received. 

All  over  the  country  aerials  are  strung,  ready  to 
receive  messages  for  countless  receiving  sets.  As  the 
radio  waves  sent  out  from  the  broadcasting  station 
sweep  past  these  aerials,  they  will  induce  a  flow  of 
electrons  in  the  antenna  circuit,  from  the  antenna  to 
the  ground,  provided  the  aerial  is  properly  tuned  to 
receive  the  message. 

Here  let  us  stop  to  learn  what  is  meant  by  tuning. 
You  will  recall  that  when  a  stone  is  dropped  into  a 
pond,  waves  radiate  in  every  direction.  The  distance, 
IF,  between  any  two  wave  crests,  is  known  as  the 
wave  length.  In  radio,  too,  the  distance  between  wave 
crests  is  the  wave  length. 

In  order  to  tune  in,  the  aerial  must  be  made  the 
right  length  for  the  wave  length  of  the  broadcasting 
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What  is  meant  by  wave  length  ? 


station.  This  is  done  by  means  of  a  tuning  coil.  By 
turning  a  knob,  more  or  less  wire  in  the  tuning  coil  is 
added  to  the  aerial  until  the  right  length  is  obtained. 
The  radio  waves 
from  the  broadcast¬ 
ing  station  will  then 
set  up  an  electric 
disturbance  in  the 
aerial  circuit. 

This  message  would  be  heard  by  a  person  listening 
with  a  pair  of  ear  phones  connected  to  the  aerial  cir¬ 
cuit  were  it  not  for  the  fact  that  the  vibrations  are  too 
rapid  for  the  human  ear  to  detect.  This,  perhaps, 
requires  a  little  explanation. 

Suppose  a  thin,  elastic  metal  rod  be  firmly  set  into 
a  board  as  shown  in  the  illustration.  If  this  rod  is 
made  to  vibrate  slowly,  no  result  wall  be  noticeable, 
except  that  you  will  see  it  move 
from  side  to  side.  Increase  the  rate 
of  vibration  to  16  per  second  and  a 
sound  will  be  produced.  Increase 
the  rate  of  vibration  to  100,  500, 
1000,  2000  per  second,  and  sounds 
will  still  be  produced  but  they  be¬ 
come  shriller  and  shriller  until,  when 
sound-  the  rate  reaches  about  2500,  the 

human  ear  will  no  longer  be  able  to  hear  them.  Waves, 
then,  which  have  a  frequency,  that  is,  a  speed,  of  16 
to  2500  vibrations  per  second  may  be  heard  by  the 
human  ear.  We  call  such  rates  of  vibration,  audio 
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frequencies,  from  the  Latin,  audire,  “  to  hear.”  Con¬ 
tinue  to  increase  the  rate  of  vibration  and  the  rod  will 
become  hot.  We  have  then  produced  heat  waves.  At 
still  higher  frequencies  the  rod  will  begin  to  glow.  We 
have  then  produced  light  waves.  When  the  frequency 
exceeds  (is  greater  than)  10,000  per  second,  we  can  no 
longer  hear  them  as  sound,  feel  them  as  heat,  or  see 
them  as  light.  They  are  then  said  to  be  Hertzian  or 
radio  waves.  Radio  waves  have  a  frequency  of  10,000 
to  3,000,000  per  second.  Such  speeds  are  therefore 
known  as  radio  frequencies. 

You  now  understand  why  the  radio  waves,  tuned  in 
by  the  tuning  coil  of  the  receiving  set,  cannot  be  heard. 
What  must  be  done  to  make  them  audible?  One  of 
the  simplest  and  earliest  devices  for  solving  this  prob¬ 
lem  is  the  crystal  receiving  set. 

The  crystal  receiving  set.  The  crystal  receiving  set 
consists  of  an  aerial,  a  pair  of  head  phones,  which  are 
exactly  like  two  telephone  receivers  applied  to  the 
ears,  and  a  crystal  detector.  A  detector  is  a  device  that 
changes  the  radio  (high)  frequency  current  in  the 
antenna  circuit  to  audio  (low)  frequency  current  and 
at  the  same  time  changes  the  alternating  current  into 
a  direct  current  which  can  be  made  to  operate  the 
vibrators  in  the  head  phones.  How  does  the  crystal 
perform  this  task? 

Early  radio  makers  discovered  that  certain  crystals 
permit  electric  currents  to  pass  through  them  in  one 
direction  only.  Among  the  substances  used  as  crystal 
detectors  are  galena,  silicon,  or  iron  pyrites.  Galena 
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is  most  generally  used.  As  the  one-way,  or  direct 
current  flows  through  the  telephone  receivers,  the  disk 
in  the  receiver  is  made  to  move.  Now  the  waves  that 
come  from  the  broadcasting  station  vary  in  intensity 
according  to  the  intensity  of  the  original  sounds. 


Therefore  the  vibrations  of  the  telephone  disks  van*  in 
a  similar  manner  and  the  original  sounds  are  repro¬ 
duced. 

Radio  waves  may  be  received  with  a  vacuum  tube. 

The  crystal  set  is  no  longer  in  use  except  by  young 
scientists  who  like  to  make  very  simple  sets.  The 
vacuum  tube  has  replaced  the  crystal  as  a  detector. 
The  head  phones  and  telephone  receivers  have  also 
given  way  to  other  devices,  but  we  shall  continue  to 
use  them  in  this  explanation  until  you  are  ready  to 
learn  how  they  have  been  replaced.  The  message  is 
first  tuned  in  as  explained  before,  by  means  of  the 
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tuning  coil.  The  tuning  coil  carries  a  sliding  device 
which,  when  moved  along  the  coil,  changes  the  length 
of  the  wire  in  the  antenna  circuit  until  it  is  the  right 
length  to  receive  the  messages  that  are  being  broad¬ 
cast.  As  each  broadcasting  station  uses  a  wave  length 
that  is  known,  and  always  the  same,  one  soon  learns 


how  long  to  make  the  antenna  circuit  (by  turning  the 
tuning  knob  of  the  radio),  in  order  to  receive  messages 
from  any  desired  station. 

When  the  receiving  set  is  properly  tuned,  electrons 
are  induced  to  flow  in  the  antenna  circuit  which 
contains  the  secondary  coil  of  the  induction  coil. 
This  induces  an  alternating  current  in  the  primary 
coil.  The  alternating  current  thus  produced  varies 
in  intensity  according  to  the  sounds  produced  at  the 
broadcasting  station,  as  you  have  learned.  This  vari¬ 
able,  alternating  current  enters  the  grid  circuit  of  the 
vacuum  tube  where  it  is  changed  from  an  alternating 
to  a  direct  current.  The  vacuum  tube  thus  performs 
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the  same  work  as  the  crystal  in  the  crystal  detector 
set.  In  other  words,  the  vacuum  tube  may  be  used 
as  a  detector.  As  the  plate  circuit  is  connected  to 
the  head  phones,  the  variable  current  sets  up  vibrations 
in  the  head  phones  correspond¬ 
ing  to  the  sounds  sent  out  from 
the  broadcasting  station  and 
thus  these  sounds  are  repro¬ 
duced. 

The  vacuum  tube  detector 
gives  much  better  results  than 
the  cruder  crystal  detector. 

Not  only  are  the  resulting 
sounds  clearer  but  they  are 
considerably  louder  (more  in¬ 
tense)  than  those  produced 
with  a  crystal  set.  In  order 
to  obtain  results  that  are  still 
better,  a  second  vacuum  tube 
may  be  connected  to  the  first, 
first  is  connected  to  the  grid  circuit  of  the  second  and 
the  second  tube  operates  as  a  step-up  transformer ;  that 
is,  it  increases  the  intensity  of  the  current.  The  result 
is  that  the  plate  circuit  of  the  second  tube  produces 
sounds  that  are  quite  loud.  This  is  known  as  amplifi¬ 
cation,  which  merely  means  making  the  sound  louder. 
Vacuum  tubes  may  thus  be  used  as  detectors  and  trans¬ 
formers,  or  amplifiers.  If  more  tubes  are  added  to  the 
circuit,  the  resulting  sounds  are  so  loud  that  no  head 
phones  or  telephone  receivers  are  needed.  The  sounds 
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may  be  made  so  loud  that  they  fill  the  room  in  which 
the  receiving  set  is  located  and,  with  modern  sets,  the 
music,  song,  or  speech  coming  from  a  broadcasting 
station  many  miles  away  is  received  so  clearly  and 
distinctly,  that  the  listener  has  the  strange  feeling  of 
being  in  the  presence  of  the  performers.  So  rapid  has 
been  the  progress  of  the  radio,  that  most  of  the  pioneers 
in  the  field,  Marconi,  Fleming,  Alexanderson,  De  For¬ 
rest,  Armstrong,  and  others,  have  lived  to  see  their 
efforts  crowned  with  success  that  has,  perhaps,  sur¬ 
passed  their  own  fondest  dreams. 

Summary 

Radio  waves  are  received  when  the  receiving  circuit  is 
tuned  to  the  sending  circuit. 

Radio  waves  may  be  received  with 

a.  a  crystal  receiving  set. 

b.  a  vacuum  tube  receiving  set. 

The  varying  current  set  up  in  the  broadcasting  station  is 
reproduced  in  the  receiving  set. 

The  disk  of  the  telephone  receiver  in  the  receiving  set 
vibrates  in  accordance  with  this  varying  current  and  thus 
produces  the  sounds  made  in  the  broadcasting  station. 

Radio  tube  amplifiers  strengthen  these  sounds  so  that 
they  can  be  heard  in  a  room  without  the  use  of  ear  phones. 

Questions 

1 .  What  is  the  purpose  of  the  aerial  in  a  radio  receiving  set  ? 

2.  What  is  meant  by  tuning  the  aerial  of  the  receiving 
set? 

3.  What  is  meant  by  wave  length  ? 

4.  What  is  meant  by  audio  frequency?  radio  frequency? 
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5.  What  is  the  purpose  of  the  crystal  in  a  crystal  receiv¬ 
ing  set? 

6.  Name  two  substances  that  may  be  used  as  crystal 
detectors. 

7.  In  what  way  is  the  vacuum  tube  detector  like  the 
crystal  detector  ? 

8.  Mention  one  advantage  of  the  vacuum  tube  detector 
over  the  crystal  detector. 

9.  Are  the  head  phones,  when  used,  connected  to  the 
grid  circuit  or  the  plate  circuit  of  a  vacuum  tube  ? 

10.  When  several  vacuum  tubes  are  used  in  a  receiving 
set  to  amplify  the  sound,  how  are  the  tubes  connected  ? 

11.  Name  three  pioneers  in  the  development  of  the  radio. 

12.  Which  of  these  men  invented  the  vacuum  tube  that 
contains  a  filament,  a  plate,  and  a  grid  ? 

Supplementary  Demonstrations  and  Projects 

1.  Make  a  one-tube  receiving  set. 

2.  Connect  a  phonograph  to  a  radio  in  such  a  way  that 
you  can  play  a  phonograph  record  through  the  radio. 

3.  Find  out  the  meaning  of :  modulation,  coherer,  con¬ 
denser,  grid  leak,  hookup,  lead  in,  regeneration,  rheostat, 
selectivity,  tickler,  time  signals,  variocoupler. 

4.  Read  about  television. 

5.  Write  a  composition  about  Marconi’s  work  in  develop¬ 
ing  the  radio. 


R.  SCI.  BK.  THREE  —  12 


BIOGRAPHICAL  SKETCHES 
Luigi  Galvani  and  Alessandro  Volta 

1737-1798  1745-1825 

Alien  Aladdin  rubbed  his  magic  lamp,  there  appeared 
before  him  an  obliging  genie,  ready  to  do  his  bidding. 
Today  we  press  a  button  or  push  a  lever,  and  the  most 
capable  of  man’s  servants,  the  electric  current,  does 
our  bidding.  We  live  in  an  age  of  electricity.  In  our 
homes,  the  electric  current  cooks  our  food,  rings  our 
bells,  operates  our  doors,  works  our  elevators,  and 
lights  our  rooms.  Through  its  use,  we  are  able  to 
communicate  much  more  easily  with  our  friends  and 
our  business  acquaintances ;  we  telephone,  we  cable, 
we  telegraph,  and  our  messages  are  promptly  and  satis¬ 
factorily  delivered.  To  adults  and  children  alike  it 
brings  great  pleasure :  what  fun  the  little  ones  have 
with  their  electric  toys ;  what  entertainment  the 
motion  picture  and  the  radio  bring  to  the  entire  family  ! 
At  home  and  away  from  home,  for  much  of  our  travel¬ 
ing  is  done  in  trains  driven  by  electricity,  that  modern 
genie,  the  electric  current,  serves  us  well ! 

To  whom,  however,  shall  we  give  credit  for  hav¬ 
ing  discovered  this  wondrous  factor  of  our  comfort? 
What,  more  than  mere  words,  do  the  terms  “  volt  ” 
and  “  galvanized  ”  mean  to  us?  Do  many  of  us  stop 
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to  think  what  we  owe  those  two  Italian  enthusiasts  of 
the  seventeen  hundreds,  Galvani  and  Volta?  Yet, 
what  an  aid  to  man  the  result  of  their  efforts  has  been  ! 

Luigi  Galvani  was  born  in  Bologna,  Italy.  In  that 
town,  at  the  medical  school  famous  the  world  over,  he 
studied  hard.  In  pursuit  of  his  studies,  he  was  alert, 
observing  and  testing,  experimenting  and  proving, 
especially  interested  in  the  movements  of  certain 
varieties  of  fish.  As  these  seemed,  to  him,  to  be  giving 
off  electrical  energy,  he  was  led  to  an  investigation  of 
animal  electricity  in  general. 

One  da}7  Galvani  observed  a  peculiar  twitching  hi 
the  leg  of  a  frog  with  which  he  wras  experimenting.  The 
frog  had  been  hung  from  the  rail  of  an  iron  balcony  by 
means  of  a  copper  hook.  Ever}7  time  the  body  of  the 
frog,  swinging  gently  from  the  hook,  touched  the  iron 
of  the  balcony,  the  leg  of  the  frog  twitched.  Galvani 
concluded  that  there  must  be  electricity  in  the  frog  and, 
perhaps,  hi  all  living  bodies.  Convinced  that  this  was 
so,  he  WTote  a  learned  book  on  animal  electricity.  It 
took  the  country  by  storm.  Soon  the  name  of  Galvani 
w7as  on  the  tongue  of  every  scientist,  and  the  newly 
coined  wrord  “  galvanism  ”  became  the  topic  of  Euro¬ 
pean  discussion. 

It  remained  for  that  other  Italian  scientist,  Volta, 
to  prove  that  Galvani  was  not  altogether  right  in  his 
viewrs  about  animal  electricity.  Alessandro  Volta, 
although  a  biologist  by  profession,  had  been  so  success¬ 
ful  in  other  branches  of  science,  that  he  had  been  made 
professor  of  Experimental  Physics  hi  the  University 
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of  Pavia.  He  had,  in  1775,  invented  the  electrophorus, 
an  instrument  for  producing  frictional,  or  static,  elec¬ 
tricity,  and  was  at  the  same  time  engaged  in  trying  to 
find  a  means  to  produce  a  strong  electric  spark.  When 
he  read  Galvani’s  book,  he  was  convinced  that  the 
author  must  be  mistaken,  and  that  the  twitching  of 
the  frog’s  leg  had,  in  some  way,  been  caused  by  elec¬ 
tricity  generated  outside  of  the  muscle  of  the  frog.  He 
concluded  that  the  two  dissimilar  metals,  the  copper 
of  the  hook  and  the  iron  of  the  railing,  had  something 
to  do  with  the  electricity;  and  that  the  moist  leg  of 
the  frog,  connecting  the  two  metals,  served  as  a  con¬ 
ductor,  completing  an  electric  circuit. 

An  ordinary  experimenter  might  at  once  have  an¬ 
nounced  his  discovery  to  the  world,  but  Volta,  like  the 
painstaking  scientist  that  he  was,  worked  for  eight 
years,  trying  out  various  combinations  of  metals,  to 
make  sure  of  his  ground.  Finally,  in  1800,  he  con¬ 
structed  the  first  electric  cell  ever  produced :  it  con¬ 
sisted  of  alternating  plates  of  silver  and  zinc,  separated 
by  moist  pieces  of  cloth.  By  connecting  the  first  and 
last  plates  of  this  pile  by  means  of  a  ware,  he  obtained 
a  current  of  electricity  that  flowed  steadily  through  the 
wire. 

He,  then,  considered  himself  ready  to  publish  news  of 
his  discovery.  At  once,  the  scientific  world  realized 
that  a  great  discovery  had  been  made.  The  modest, 
retiring  Volta  was  summoned  to  Paris  by  Napoleon 
Bonaparte  and  heaped  with  honors :  he  was  given  a 
pension  for  life  and  was  made  a  member  of  the  Italian 
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Academy  of  Sciences,  a  Knight  Commander  of  the 
Legion  of  Honor,  a  Senator,  and  a  Count.  And,  so, 
unlike  many  great  scientists,  Volta  lived  to  enjoy  the 
benefits  of  his  labors.  Today,  while  few  know  of  the 
honors  he  received,  Volta  is  remembered  in  a  more 
lasting  way  by  such  terms  as  “  volt,”  “  voltmeter,” 
and  “  voltage  ”  :  words  that  will  perpetuate  his  name 
when  his  life  history  will  long  have  been  forgotten. 

We  should  not  forget  that,  although  Galvani  had 
failed,  it  was  his  experiment  with  the  frog  that  finally 
led  Volta  to  the  discovery  of  the  electric  current; 
and  that  is  why,  today,  when  we  talk  about  the  origin 
of  current  electricity,  the  names  of  Galvani  and  Volta 
are  so  closely  linked  together. 

Samuel  F.  B.  Morse 

1791-1872 

One  of  the  differences  between  a  great  athlete  and 
an  ordinary  one  is  largely  a  difference  of  “  courage.” 
The  ordinary7  athlete,  seeing  defeat  ahead  of  him,  loses 
heart  and  quits ;  the  great  athlete  never  admits  the 
possibility  of  defeat  until  the  contest  is  over.  So  it  is, 
also,  with  the  great  man  of  science  and  invention. 
Only  the  scientist  with  a  great  heart  succeeds.  In  the 
face  of  countless  obstacles,  repeated  failure,  the  sneers 
of  critics,  and  often  through  sleepless  nights,  poverty, 
and  the  pangs  of  hunger,  the  truly  great  inventor 
keeps  heart,  never  admitting  defeat  until  the  contest  is 
over. 

Such  a  man  was  Samuel  F.  B.  Morse.  Interested 
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even  in  childhood  in  science  and  the  construction  of 
simple  apparatus,  he  carried  through,  to  later  life,  some 
of  the  ideas  developed  in  his  early  youth.  While  a 
student  at  Yale,  he  picked  up  the  bit  of  information 


Samuel  F.  B.  Morse 

that  an  electric  current,  when  interrupted,  leaves  its 
mark  on  the  object  in  its  path.  Years  later,  recalling 
this  bit  of  information,  he  conceived  the  idea  of  using 
electricity  to  make  “  marks  ”  as  a  message  code,  on  a 
moving  strip  of  paper. 

In  1832,  after  a  trip  to  Europe,  Morse  was  returning 
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to  this  country  on  board  the  Sully,  when  an  incident, 
destined  to  change  his  career  completely,  occurred  with 
his  meeting  a  fellow-passenger,  a  Dr.  Jackson.  This 
Dr.  Jackson  had  just  attended,  in  Paris,  a  series  of 
lectures  on  the  newly  discovered  electromagnet;  and 
it  was  his  discussion  of  the  work  of  Oersted  and  Stur¬ 
geon,  that  gave  rise  to  the  idea  in  Morse’s  mind  that 
the  electromagnet  might  be  used  as  a  means  of  sending 
messages.  Feverishly  he  set  to  work,  day  and  night, 
making  sketches  and  working  out  the  details.  By  the 
time  the  ship  landed,  he  had  completed  most  of  his 
plans ;  the  electromagnet,  the  transmitter  and  receiver, 
and  even  the  code  of  signals. 

This  was  in  1832.  During  his  absence  from  America, 
Morse  had  been  elected  to  a  professorship  in  art  at  the 
newly  organized  University  of  New  York.  Meager 
though  the  salary  was,  it  enabled  him  to  scrape  together 
a  little  money  for  experimentation.  It  was  very  little 
indeed,  and  soon  Professor  Morse  found  himself  again 
in  dire  need.  He  struggled  valiantly,  however,  keep¬ 
ing  his  suffering  to  himself  and  often  going  days  with¬ 
out  more  than  a  bite  to  eat.  Faith  in  his  invention 
kept  up  his  spirits.  Day  in  and  day  out  he  worked  in 
the  little  laboratory  he  had  built  for  himself  in  his 
room  at  the  University.  By  1837  he  was  sending 
messages  across  this  little  workshop,  but  the  apparatus, 
constructed  by  himself,  was  unfortunately  a  clumsy 
affair.  Lacking  a  training  in  things  mechanical,  and 
funds  with  which  to  purchase  apparatus,  he  was  forced 
to  devise  his  own  tools,  he  had  to  make  his  own  bat- 
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teries,  and  insulate  his  wires  by  hand.  Only  when  we 
consider  this,  do  we  begin  to  appreciate  the  splendid 
courage  that  fought  off  failure  at  eveiy  step. 

One  day  a  student  of  the  University,  Alfred  Vail, 
came  to  the  laboratory  and  showed  so  keen  an  interest 
in  Morse’s  invention  that  the  professor  explained  it  to 
him  in  detail.  Vail  at  once  became  greatly  excited 
over  the  prospects  of  success.  His  father  was  a  wealthy 
mill  owner  in  New  Jersey,  and  Alfred  had  acquired 
considerable  skill  as  a  mechanic  in  his  father’s  mills. 
He  proposed  that,  if  Morse  would  make  him  a  partner 
in  his  work,  he  would  get  his  father  to  supply  the 
money  to  earn7  on  the  project.  Morse  was  delighted, 
and  soon  the  thing  was  arranged.  Vail,  clever  worker 
that  he  was,  improved  on  Morse’s  machine  in  many 
ways.  He  also  perfected  the  dot  and  dash  system  of 
signals  used  to  this  day. 

At  last,  in  1838,  the  telegraph  was  ready  for  demon¬ 
stration  and  the  inventors  went  to  Congress  to  explain 
the  device  to  the  government  officials.  They  asked 
for  an  appropriation  to  build  a  line  from  Baltimore  to 
Washington  to  prove  its  practical  value.  But  Uncle 
Sam’s  representatives  were  not  easily  convinced. 
Finally,  just  when  Morse  had  given  up  all  hope  and 
had  left  Washington  with  his  last  half  dollar,  crest¬ 
fallen  and  almost  broken  in  spirit,  news  reached  him 
that  the  bill  had  been  passed !  Needless  to  say,  Morse 
and  Vail  were  wild  with  joy,  for  it  had  taken  several 
years  of  hard  work  and  constant  driving  to  get  Con¬ 
gress  to  grant  the  money. 
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At  once  they  began  to  work  on  the  line,  again  over¬ 
coming  unforeseen  difficulties  that  would  have  dis¬ 
couraged  any  ordinary  mortal.  Finally  the  great  day 
came,  and  on  May  24,  1844,  the  first  message  was 
flashed  from  Washington  to  Baltimore :  “  What  hath 
God  wrought?  ”  As  the  small  piece  of  paper  bearing 
the  mysterious  message  of  dots  and  dashes  was  torn  off 
and  deciphered,  Morse  felt  that  he  had  at  last  won  his 
long  fight. 

But  this  was  not  so  :  the  government  refused  to  buy 
the  patent,  considering  it  little  more  than  a  toy.  Poor 
Morse  had,  once  again,  to  seek  capital  with  which 
to  organize  a  company.  In  spite  of  the  discouraging 
outlook  Morse  was  not  daunted  and  this  difficult  task 
was  met,  like  those  before  it.  Soon  many  small  systems 
cropped  up,  here  and  there,  throughout  the  east  and 
south.  It  was  not,  however,  until  1856,  when  Sibley 
forged  these  little  links  into  the  mighty  chain,  now 
known  as  the  Western  Union  Telegraph  Company, 
that  financial  success  came.  But  then  it  came  with  a 
rush.  In  a  few  years  the  entire  country  was  covered 
with  a  network  of  telegraph  wires,  and  messages  were 
being  sent  from  coast  to  coast.  Morse,  Vail,  and 
the  others  who  had  been  faithful  throughout,  became 
extremely  wealthy  in  a  short  time,  and  so  the  long, 
hard,  apparently  hopeless  struggle  came  to  a  happy 
end. 

Today,  the  telegraph  system  stands  as  one  of  the 
greatest  achievements  of  modern  times :  a  mighty 
tribute  to  a  great  heart. 
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Alexander  Graham  Bell 

1847-1922 

“  Mr.  Watson,  come  here,  I  want  you  !  ” 

With  these  words,  spoken  by  Bell  in  a  tiny  attic  in 
Boston,  one  of  the  greatest  ideas  of  all  times  became  a 
reality. 

Mr.  Watson  came  rushing  in  from  another  room  in 
the  house ;  “I  can  hear  you,  I  can  hear  the  words,” 
he  shouted  excitedly. 

Alexander  Graham  Bell  was  born  in  Edinburgh, 
Scotland.  An  unusually  bright  lad,  he  enjoyed,  more¬ 
over,  the  advantages  of  a  splendid  education  at  the 
University  of  Edinburgh  and,  later,  at  the  University 
of  London.  His  father,  who  was  a  gifted  man  and 
well  known  because  of  a  system  he  had  devised  for 
teaching  deaf-mutes,  passed  on  to  the  son  this  interest 
in  the  cure  of  speech  defect. 

Alexander  did  not  complete  his  course  at  the  Uni¬ 
versity  of  London.  To  avoid  a  possible  spread  of 
consumption  which  had  just  claimed  two  of  his  sons, 
the  father  decided,  rather  suddenly,  to  remove  the 
family  to  Canada.  A  few  years  later  Alexander  moved 
to  Boston,  where  he  became  professor  of  vocal  physi¬ 
ology  in  Boston  University ;  here  he  conducted  the 
work  that  his  father  had  so  ably  performed  in  Scotland. 

Probably  because  it  was  a  means  of  communication 
that  could  be  used  by  the  unfortunate  deaf-mutes  in 
whom  he  was  so  interested,  Bell  soon  turned  his  atten¬ 
tion  to  telegraphy.  Then  a  new  thought  came  to  him, 
almost  as  a  shock.  Sound  could  be  transmitted  by 
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wire  :  why  would  it  not  be  possible  to  transmit,  in  this 
way,  the  sound  of  the  human  voice?  Greatly  excited 
over  this  idea,  he  immediately  set  to  work  to  carry 
it  out.  Unfortunately,  Bell,  the  teacher,  was  no 
mechanic  and  he  knew  little  about  practical  telegraphy. 
In  this  predicament  he  had  the  good  sense  to  look  for 
one  who  might  supply  the  deficiency  and,  in  1874, 
found  the  very  man  he  needed  in  the  person  of  Thomas 
A.  Watson. 

At  once,  Watson  fell  in  with  Bell’s  idea ;  soon  the 
two  were  hard  at  wTork  trying  to  make  their  dream 
come  true.  For  two  years  they  labored,  Bell  making 
suggestions  and  Watson  constructing  and  reconstruct¬ 
ing  apparatus  in  accordance  with  Bell’s  directions. 
Finally,  in  1876,  the  great  day  came,  with  the  call : 
“  Mr.  Watson,  come  here,  I  wTant  you !  ”  And  Bell 
and  Watson,  delirious  with  joy,  danced  a  wild  dance  of 
victory  in  the  little  Boston  attic  :  for  they  realized  that 
success  had  at  last  crowned  their  efforts. 

It  was  not  an  easy  matter,  however,  to  convince  the 
indifferent  world.  For  a  while  the  invention  was 
looked  upon  merely  as  a  toy.  When,  three  months 
later,  in  June,  Bell  took  his  instrument  to  exhibit  at 
the  great  Philadelphia  Centennial,  it  was,  at  first, 
hardly  noticed.  There  it  stood  until  Dom  Pedro, 
Emperor  of  Brazil,  asked  to  see  it.  Going  some  dis¬ 
tance  away,  Bell  spoke  into  the  transmitter  while  Dom 
Pedro  bent  over  the  receiver.  “  My  God,  it  talks  !  ” 
exclaimed  the  emperor  excitedly.  Others,  attracted  by 
the  sovereign’s  thrill,  rushed  over  to  hear  the  miracle 
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of  the  human  voice  coming  out  of  an  innocent  looking 
instrument. 

Even  after  that,  Bell  found  it  necessary  to  travel  all 
over  the  country,  lecturing  on  his  invention  and  giving 
demonstrations  to  prove  that  it  was  no  mere  toy.  All 
this  cost  money,  and  Bell  was  almost  penniless  by  the 
time  people  began  at  last  to  take  the  “  toy  ”  seriously. 
Had  it  not  been  for  the  faithful  support  of  such 
wealthy  men  as  Hubbard  and  Sanders,  the  inventor 
might  have  been  obliged  to  give  up  the  idea.  With 
the  same  grit  that  we  admire  so  much  in  Morse,  Bell 
overcame  the  obstacles  raised  by  a  doubting  public. 
Alien,  finally,  Theodore  N.  Vail,  one  of  the  greatest 
organizers  of  the  commercial  world,  became  interested, 


success  was  assured.  Bell’s  little 
system  was  formed  into  the  gigan- 


•jA  tic  enterprise  now  known  as  The 
Yl  Bell  Telephone  Company,  which 
£  involves  billions  of  dollars,  hun- 
pv  dreds  of  thousands  of  share¬ 


holders,  and  millions  of  subscribers 
in  this  country  alone. 


Alexander  Graham  Bell  died  in  1922,  at  the  age  of 
seventy-five.  It  is  pleasant  to  think  that  he  lived  to 
see  the  world  enjoy  his  gift  to  humanity. 


Thomas  Alva  Edison 

1847-1931 


“  Genius  is  two  per  cent  inspiration  and  ninety-eight 
per  cent  perspiration,”  said  Thomas  Edison,  when  he 
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was  questioned  about  his  success.  Without  this  state¬ 
ment  we  might  attribute  his  dazzling  rise  to  world 
leadership  to  a  stroke  of  luck. 

To  the  American  youth,  the  career  of  Edison  is  a 
fascinating  one.  Every  normal  boy  has  some  particu¬ 
lar  dream  which 
urges  and  inspires 
him  on.  Fre¬ 
quently,  this  dream 
is  based  on  the  life 
of  some  great  man, 
whose  leap  from 
obscure  poverty  to 
boundless  wealth 
and  undying  fame 
lends  romance  to 
his  story ;  a  life 
like  that  of  Thomas 
Edison. 

Edison  is  a  splen¬ 
did  example  of  that 
typical  product  of 
America :  a  self- 
made  man.  With 

n  ,,  p  ,  Thomas  Alva  Edison 

hardly  any  formal 
schooling  to  back  him,  Edison  was,  at  a  very  early 
age,  required  to  earn  his  living.  Cheerful  and  always 
energetic,  he  soon  became  a  popular  and  familiar 
figure  on  the  trains  of  the  Grand  Trunk  Line  near 
Port  Huron,  Michigan,  where  he  sold  newspapers.  So 
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successful  was  he,  in  this,  that  he  was  able,  in  time,  to 
print  a  paper  of  his  own. 

During  the  years  he  spent  selling  papers,  Edison’s 
craving  for  experimentation  led  him  to  set  up  a  tiny 
laboratory  in  the  corner  of  a  baggage  car.  Here  he 
performed  many  tests,  using  apparatus  which  he  him¬ 
self  had  constructed.  All  went  well  until  a  can  of 
phosphorus  upset  one  day  and  almost  set  fire  to  the 
train.  It  is  said  that  his  friend,  the  conductor,  boxed 
his  ears  so  soundly  that  he  became  practically  deaf 
for  the  rest  of  his  life.  After  that,  needless  to  say,  he 
was  obliged  to  do  his  laboratory  work  elsewhere. 

Having  lost  his  newspaper  job,  Edison  turned  his 
attention  to  the  study  of  electricity,  a  branch  of  science 
that  had  always  attracted  him  strangely.  Alert  to  all 
information  concerning  his  hobby,  he  managed  to 
acquire  knowledge  enough  of  telegraphy  to  fit  him  to 
work  as  telegraph  operator. 

Many  tales  are  told  about  the  pranks  that  he  per¬ 
formed  during  this  period,  for  Edison  was  a  practical 
joker.  On  one  occasion,  while  the  manager  was  out, 
he  turned  the  office  into  a  theater.  With  the  aid  of  a 
fellow-worker,  he  then  presented  a  gay  “  vaudeville  ” 
show,  which  lasted  just  long  enough  to  dent  the  walls, 
upset  the  office  instruments,  and  lose  him  his  job  when 
the  “  boss  ”  returned  !  Edison’s  superior  ability  as  an 
operator,  however,  had  already  become  known,  and  he 
had  little  difficulty  in  obtaining  another  position.  His 
work  carried  him  from  town  to  town  and,  at  last,  to 
New  York. 
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All  this  time  the  future  inventor  was  experimenting 
with  electricity,  constructing  devices  which  were  inter¬ 
esting,  but  of  little  real  practical  value.  Finally,  at 
the  age  of  twenty-two,  he  perfected  the  stock  ticker, 
which  he  had  invented  a  short  time  before,  and  sold 
the  device  for  $40,000,  a  sum  so  vast  in  his  eyes  that 
he  could  scarcely  believe  the  good  fortune  that  was  his. 

After  the  first  shock  of  this  unexpected  success  had 
subsided,  he  at  once  set  to  work  to  build  himself  a 
complete  workshop  :  shiny,  bright  instruments  of  every 
description ;  delicate  scales  carefully  inclosed  in  glass ; 
row  upon  row  of  neatly  labeled  chemicals  glittering 
behind  glass  doors;  a  storeroom  stocked  with  all  the 
accessories  that  an  experimenter  might  want  to  use. 
It  was  a  laboratory  that  would  gladden  the  heart  of 
any  young  scientist,  the  kind  that  he  had  dreamed 
about  for  years  but  had  scarcely  hoped  to  own.  In 
every  respect,  it  was  ideal. 

From  this  moment,  Edison’s  inventions  followed  one 
another  in  rapid  succession.  He  never  wasted  time 
with  impossible  schemes.  Almost  always  he  worked  to 
improve  what  was  already  in  use,  and  almost  always 
his  ideas  proved  so  valuable  that  he  received  large  sums 
of  money  for  his  patents. 

The  telegraph  had  come  into  common  use,  and  was 
so  popular  that  operators  now  had  difficulty  in  keeping 
pace  with  the  number  of  messages  waiting  to  be  sent. 
This  was  due  chiefly  to  the  fact  that  a  wire  could  carry 
only  one  message  at  a  time.  Seeing  the  problem  was, 
to  Edison,  meeting  the  emergency.  By  means  of  a 
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simple  device  he  soon  made  it  possible  to  transmit 
and  receive  messages  over  the  same  wire,  at  the  same 
time !  In  other  words,  he  invented  a  means  whereby 
messages  could  be  sent  over  a  single  wire,  in  both  direc¬ 
tions,  at  one  time. 

It  would  take  too  much  space  to  attempt  to  describe 
or  even  to  list,  the  hundreds  of  inventions  for  which 
Edison  will  be  remembered.  It  is  safe  to  say,  though, 
that  no  other  man  has  perfected  so  many  devices  for 
furthering  man’s  comfort  and  ease :  when  we  sit  down 
to  listen  to  a  concert  on  the  phonograph,  we  should 
remember  that  we  owe  this  pleasure  to  the  genius  of 
Edison;  when  we  push  a  button  and  flood  with  light 
the  room  that  a  moment  before  was  in  darkness,  we 
should  keep  in  mind  that  it  was  the  fertile  brain  of 
Edison  that  brought  the  incandescent  lamp  into  being ; 
when  we  travel  on  the  clean  and  quiet  electric  train 
that  is  rapidly  replacing  the  dirty  and  noisy  steam 
locomotive,  we  have  Edison  to  thank  for  the  added 
comfort.  Thomas  Alva  Edison  is  indeed  the  wizard  of 
a  great  age ;  a  monument  to  the  value  of  intelligent 
thought  and  hard  work;  an  inspiration  to  ambitious 
youth,  and  the  pride  of  a  grateful  American  people. 

William  Gilbert 

1540-1603 

This  man  was  private  physician  to  Queen  Elizabeth 
and  to  King  James  I.  He  is  sometimes  known  as  the 
father  of  electricity.  He  was  extremely  interested  in 
the  study  of  magnetism  and  was  the  first  to  discover 
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that  the  earth  is  a  magnet.  Gilbert  explained  the 
“  dip  ”  of  the  compass  needle  and  coined  the  words 
“  electric  ”  and  “  pole,”  now  so  commonly  used  in 
connection  with  electricity. 

Benjamin  Franklin 

1706-1790 

Franklin’s  experiment  with  the  kite  to  prove  that 
electricity  can  be  drawn  from  the  clouds  is  well  known. 
He  invented  the  lightning  rod  and  the  Franklin  stove. 
Franklin  was  the  first  American  scientist  of  note. 

Andre  Ampere 

1775-1836 

Ampere  discovered,  in  1820,  that  a  charged  coil  of 
wire  has  all  the  properties  of  a  magnet.  This  led  to 
the  invention  of  the  electromagnet,  in  1824,  by  Stur¬ 
geon.  Ampere  will  always  be  remembered  because  the 
unit  of  current  was  named  in  his  honor. 

Hans  Christian  Oersted 

1777-1851 

Oersted  was  a  Danish  physicist.  In  1819  he  dis¬ 
covered  that  a  charged  wire  creates  a  magnetic  field. 
This  led  to  the  experiments  of  Ampere  in  1820  and  to 
the  invention  of  the  electromagnet  by  Sturgeon  in  1824. 

William  Sturgeon 

1783-1850 

Sturgeon  is  credited  with  having  made  the  first 
electromagnet,  in  1824. 
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Michael  Faraday 

1791-1867 

One  of  Faraday’s  chief  contributions  to  science  was 
the  discovery  of  the  principle  of  the  electric  dynamo, 
in  1831. 

Joseph  Henry 

1799-1878 

Henry  was  a  native  of  New  York  City.  He  improved 
on  Sturgeon’s  invention  of  the  electromagnet  and  made 
electromagnets  that  had  tremendous  lifting  powers. 
He  is  also  credited  with  the  invention  of  the  electric 
bell,  and  his  work  had  an  important  bearing  on  the 
success  of  Morse’s  telegraph. 

Cyrus  Field 

1819-1892 

Field  will  always  be  honored  as  the  financial  backer 
of  the  first  transatlantic  cable.  His  faith  in  the  success 
of  the  cable  in  spite  of  the  early  failures  to  lay  the  first 
one,  made  this  useful  means  of  communication  possible. 

Sir  William  Thomson  (Lord  Kelvin) 

1824-1907 

Thomson  was  one  of  the  greatest  scientists  of  modern 
times.  His  work  with  sensitive  electromagnets  made 
the  transatlantic  cable  practical.  One  of  his  most  val¬ 
uable  contributions  is  the  improved  mariners’  compass. 
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a  e'ri  al :  The  antenna  of  a  wireless  (radio)  transmitter  or  re¬ 
ceiver,  generally  made  of  wire  strung  high  in  the  air. 
a  e'ri  al  circuit :  That  part  of  a  wireless  apparatus  of  which  the 
aerial  or  antenna  is  the  most  important  member ;  the 
“  outside  circuit. 

al'ter  nat'ing  current :  An  electric  current  that  flows  first  in 
one  direction  and  then  in  the  opposite  direction.  It  is 
generally  indicated  thus :  A.  C.  Some  dynamos  generate 
alternating,  others  direct,  current, 
am'ber :  A  yellowish  translucent  mineral.  When  rubbed  it 
becomes  strongly  electrified. 

am 'me  ter :  An  instrument  for  measuring  the  amperage  of  an 
electric  current,  that  is,  the  rate  of  flow  of  the  current, 
am  per'age :  The  strength  of  a  current  of  electricity  measured 
in  amperes. 

am  pere' :  The  unit  of  the  rate  of  flow  of  an  electric  current, 
named  for  the  French  scientist,  Ampere, 
am'pli  fy'ing :  Increasing  the  strength  of  the  current  or  of  the 
resulting  sound  in  wdreless  telegraphy  or  in  any  form  of 
electrical  transmission. 

an  ten'na :  One  of  the  feelers  on  the  head  of  an  insect.  In 
wireless  telegraphy  a  wire,  or  a  combination  of  wires, 
supported  in  the  air  for  transmitting  electric  waves  into 
space  or  for  receiving  them,  so  called  because  radio  antenna 
“  feel  ”  the  electromagnetic  waves  in  space, 
ar'ma  ture :  The  iron  core,  carrying  coils  of  insulated  wire,  that 
rotates  between  the  magnetic  poles  of  a  motor  or  generator, 
au'di  o  frequency :  In  wireless  telephony,  electromagnetic 
vibration  slow  enough  to  be  detected  by  the  ear  as  sound. 
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Radio  frequency  refers  to  vibration  too  rapid  to  be  detected 
by  the  human  ear. 

bat'ter  y :  Several  electric  cells  connected  in  such  a  way  as  to 
produce  an  electric  current. 

binding  posts:  Small  screws,  usually  of  brass,  by  means  of 
which  conducting  wires  are  attached  to  the  poles  of  an 
electric  cell,  or  to  any  electric  device, 
bin'nacle :  A  case,  box,  or  stand  containing  a  ship’s  compass, 
brushes :  Small  pieces  of  metal  which,  in  generators  and  motors, 
carry  the  generated  current  off  into  an  outside  circuit, 
charge :  A  load,  generally  of  electricity.  Thus  we  say  that  a 
closed  circuit  carries  a  charge  of  electricity. 
chenTi  cal  action :  A  change  in  the  nature  of  a  substance, 
brought  about  by  chemical  combination  of  elements,  as 
distinguished  from  physical  change, 
cir'cuit :  The  complete  path  traveled  by  an  electric  current, 
com'mu  ta'tor:  (From  the  Latin,  mutare,  change.)  A  device  in 
motors  and  generators,  which  changes  the  direction  of  the 
electric  current. 

con  duc'tor :  (From  the  Latin,  ducere ,  to  lead.)  In  electricity,  a 
substance  through  which  a  current  of  electricity  may  flow, 
cor  rod'ing :  (From  the  Latin,  rodcrc ,  to  gnaw.)  The  act  of  being 
eaten  away  by  degrees.  In  corrosion,  small  particles  of  a  sub¬ 
stance  are  separated  from  the  body  of  the  substance,  usually 
by  chemical  action.  Thus,  rusting  is  a  form  of  corrosion, 
cur'rent:  A  continuous  flow,  as  a  current  of  water,  air,  or 
electricity. 

den'si  ty :  Weight  per  unit  volume  of  a  substance, 
de  tec'tor :  That  part  of  a  radio  receiver  that  detects  or  “  feels  ” 
the  electromagnetic  waves.  There  are  crystal  and  vacuum 
tube  detectors. 

dipping  needle :  A  magnetic  needle  that  dips  downward 
toward  the  magnetic  pole.  Mariners  use  it  to  help  find 
the  latitude  of  a  place. 

direct  current:  An  electric  current  which  is  continuous  in  one 
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direction,  generally  abbreviated  to  D.  C.  The  opposite  of 
alternating  current. 

dis  charg*/ :  To  relieve  a  conductor  or  any  other  medium  hold¬ 
ing  an  electric  charge,  of  its  electricity, 
dy'na  mo :  A  machine  for  changing  mechanical  energy  into 
electrical  energy ;  same  as  generator, 
ear  phones :  Telephone  receiving  devices  used  in  connection 
with  radio  receiving  outfits.  They  are  applied  to  the  ears 
by  means  of  steel  springs  fitting  over  the  head.  Telephone 
and  radio  operators  use  ear  phones, 
e  lec'trodes :  The  poles  of  an  electric  cell. 

e  lec'tro  lyte :  A  chemical  solution,  usually  an  acid,  which  can 
be  decomposed  by  an  electric  current.  The  acid  in  an 
electric  cell.  Sal  ammoniac  and  sulphuric  acid  are  fre¬ 
quently  used  as  electrolytes, 
e  lec'tron :  The  smallest  particle  of  matter, 
e  lec'troph'o  rus :  An  instrument  used  for  producing  electri¬ 
fication  by  rubbing  a  resinous  plate  with  fur  or  flannel, 
e  lec'tro  scope :  An  instrument  used  for  detecting  the  presence 
of  static  electricity  (electrification), 
el'e  ment :  In  chemistry,  a  form  of  matter  that  cannot  be 
decomposed  because  it  is  already  in  its  simplest  state. 
Oxygen,  hydrogen,  nitrogen,  carbon,  and  iron,  are  examples 
of  elements. 

field  magnet :  The  magnet  in  a  generator  or  motor,  between  the 
poles  of  which  the  armature  rotates, 
fil'a  ment :  (From  the  Latin,  filuvi ,  like  a  thread.)  A  fine  thread 
or  threadlike  wire  or  fiber.  The  filament  of  an  incan¬ 
descent  lamp  is  an  example.  This  is  made  of  carbon  or 
tungsten. 

fuse :  A  device  used  in  an  electric  circuit  to  break  the  circuit 
when  the  wires  become  too  hot.  It  contains  a  piece  of 
metal  alloy  which  melts  when  the  wdre  reaches  a  certain 
temperature.  This  automatically  breaks  the  circuit,  pre¬ 
venting  the  possibility  of  fire. 
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gal'va  nom'e  ter :  An  instrument  for  measuring  the  strength  of 
an  electric  current  by  the  amount  of  deflection  of  a  mag¬ 
netized  needle.  The  chief  parts  are  a  coil  of  insulated 
wire,  a  magnetized  needle,  and  a  graduated  dial.  It  is 
named  for  the  Italian  scientist,  Galvani. 
gen'er  ate :  To  produce;  create.  Boiling  water  generates 
steam.  Burning  fuel  generates  heat,  smoke,  and  gases, 
gen'er  a  tor :  A  machine  for  changing  mechanical  energy  into 
electrical  energy ;  a  dynamo. 

grid :  A  tiny  grating  which  forms  part  of  a  radio  vacuum  tube. 
It  was  invented  by  De  Forrest. 

high  frequency  waves:  Ether  waves,  as  in  radio  transmission, 
which  are  too  rapid  to  be  detected  by  the  human  ear. 
hydrom'eter:  An  instrument  for  determining  the  density  of 
liquids.  It  usually  consists  of  a  hollow  glass  vessel, 
weighted  on  one  end  to  keep  it  upright.  This  vessel  is 
floated  in  the  liquid  that  is  being  tested.  A  mark  or  a 
series  of  marks  on  the  stem  of  the  vessel  indicate  the  depth 
to  which  the  instrument  sinks  in  the  liquid.  The  denser 
the  liquid  the  higher  the  instrument  will  float  in  it. 
in'can  des'cent  lamp:  (From  the  Latin,  candcre ,  glow.)  A 
lamp  in  which  the  light  is  made  by  a  glowing-hot  fila¬ 
ment. 

induced':  (From  the  Latin,  duccre ,  to  leaf!,  and  in,  in.)  To 
lead  in.  Thus,  magnetism  or  electricity  may  be  induced 
in  a  conductor. 

in  duc'tion  coil :  A  device  for  transforming  an  ordinary  battery 
current,  by  induction,  into  an  alternating  current  of  great 
strength.  It  consists  of  a  coil  of  insulated  wire  wound 
around  a  soft-iron  core  (the  primary  coil  through  which 
the  current  is  sent)  and  a  secondary  coil  surrounding  the 
primary  coil.  The  current  in  the  primary  coil  induces  a 
current  in  the  secondary  coil. 

in'su  late:  (From  the  Latin,  inside ,  island.)  In  electricity,  to 
separate  a  conductor  from  other  conducting  bodies. 
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kil'o  watt-hour :  A  watt  is  the  amount  of  work  done  by  an  elec¬ 
tric  current  of  one  ampere  under  a  pressure  of  one  volt.  A 
kilowatt  is  a  thousand  watts,  and  a  kilowatt  hour  is  the 
amount  of  work  done  by  one  kilowatt  acting  for  one  hour. 
Ley'den  jar:  A  glass  jar  used  to  accumulate  and  store  electric 
charges.  It  was  invented  in  Leyden,  Holland.  The  jar  is 
lined,  half-way  to  the  top,  inside  and  outside  with  metal 
or  metal  leaf.  A  metal  rod  passes  through  an  insulating 
cork  in  the  mouth  of  the  jar  and  touches  the  inside  metal 
coating.  The  upper  end  of  the  metal  rod  consists  of  a 
metal  knob  which  receives  the  electric  charges, 
low  frequency  waves:  Ether,  or  electromagnetic,  waves  that 
are  comparatively  slow.  The  opposite  of  high  frequency 
waves. 

mag'net :  Any  body  which  has  the  power  to  attract  iron  or  steel 
or  having,  generally,  the  properties  of  magnetite  (lodestone). 
mag'net  ite :  A  mineral  found  in  quantity  near  Magnesia  in 
Asia  Minor.  It  has  natural  magnetic  properties, 
mag  ne'to :  An  electric  generator  (dynamo)  in  which  the  field 
magnets  are  permanent  magnets, 
mi'cro  phone :  An  instrument  resembling  the  telephone  trans¬ 
mitter  and  used  in  radio  broadcasting, 
mol'e  cule :  The  smallest  physical  division  of  matter.  The 
smallest  chemical  division  is  the  atom, 
motor:  A  machine  for  changing  electrical  energy  into  mechan¬ 
ical  power. 

mul'ti  po'lar  dynamo :  A  dynamo  in  which  there  are  more  than 
two  field  poles.  One  that  has  only  two  poles  is  called  a 
bi-polar  dynamo. 

non  conductor :  A  substance  which  does  not  permit  electricity 
to  pass  through  it  easily  (see  conductor), 
os'cil  la'tion :  The  same  as  vibration ;  a  swing  to  and  fro,  as  the 
oscillation  of  a  pendulum. 

outside  circuit:  In  connection  with  generators,  the  current  that 
is  carried  away  by  the  brushes  and  the  wires  to  do  work 
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“  outside  ”  the  generator ;  in  a  motor,  the  current  that  flows 
through  wires  from  the  generator  and  enters  the  motor, 
permanent  magnet:  A  magnet  which  retains  its  magnetism 
permanently,  or  at  least  for  a  considerable  length  of  time, 
pole:  The  end  of  a  magnet.  Each  magnet  has  a  north-seeking 
and  a  south-seeking  pole.  In  electricity  the  term  is  some¬ 
times  used  in  place  of  the  more  correct  term,  electrode, 
primary  coil:  In  an  induction  coil,  the  coil  through  which  the 
primary  current  is  sent. 

radio  frequency :  Transmission  of  electromagnetic  (radio) 
waves  at  a  speed  so  great  that  the  ear  cannot  detect  them 
as  sound. 

secondary  coil :  In  an  induction  coil,  the  coil  in  which  a  current 
is  induced  by  the  flow  of  electricity  in  the  primary  coil, 
short  circuit:  A  short  circuit  is  caused  when  a  conductor  is 
inserted  in  a  circuit  in  such  a  way  as  to  divert  the  current 
from  its  original  path  into  the  conductor.  The  path  of 
the  current  is  thus  “  shortened.’’ 
sound  waves:  Disturbances  of  a  rhythmical  nature  caused  by 
a  rapidly  vibrating  body.  The  rate  of  vibration  must 
be  within  a  certain  range  to  produce  sound, 
static  electricity:  Electricity  that  does  not  flow.  Also  known 
as  electrification.  It  is  called  static  to  distinguish  it  from 
current  electricity,  which  flows. 

sul  phu'ric  acid :  A  poisonous  acid  containing  the  elements, 
hydrogen,  sulphur,  and  oxygen.  It  is  used  sometimes  as 
the  electrolyte  in  electric  cells. 

switch :  A  device  used  for  making  and  breaking  an  electric 
current. 

temporary  magnet:  A  magnet  made  of  a  coil  of  insulated  wire 
wound  around  a  soft-iron  core  which  retains  its  magnetism 
only  while  a  current  of  electricity  is  passing  through  the 
coil.  It  is  used  in  electromagnetic  devices, 
trans  form'er :  A  device  for  increasing  (stepping  up),  or  de¬ 
creasing  (stepping  down),  the  strength  of  an  electric  current. 
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tung'sten:  A  metal  which  resists  the  How  of  electricity  and 
which  can  be  drawn  out  into  very  fine  wire.  These  qualities 
make  it  ideal  for  use  in  the  filament  of  incandescent  lamps, 
vac'u  um :  (From  the  Latin,  vacuus,  empty.)  A  space  in  which 
no  matter  of  any  kind  exists.  Vacuums  for  commercial 
purposes  are  produced  by  exhausting  the  air  from  a  sealed 
container.  The  incandescent  light  bulb,  when  not  filled 
with  gas,  is  an  example  of  a  vacuum.  Commercially,  a 
perfect  vacuum  cannot  be  made, 
vacuum  tube :  A  small  tube  used  in  radio  instruments.  It 
resembles  an  electric  light  bulb. 

variable  current:  A  current  whose  strength  is  constantly 
changing. 

vibration:  A  regular,  and  usually  rapid,  motion  to  and  fro. 

Rapid  vibrations  in  air  produce  sound, 
volt'age :  The  pressure  of  an  electric  current  measured  in  volts. 
The  volt  is  the  unit  of  measure  of  the  pressure  of  an  electric 
current.  Named  for  the  Italian  scientist,  Volta, 
vol  ta'ic  cell :  An  electric  cell  consisting  of  an  electrolyte, 
electrodes,  and  a  conductor.  Named  in  honor  of  Volta, 
discoverer  of  current  electricity  and  inventor  of  the  first 
electric  cell. 

watt:  The  unit  of  measure  of  the  power  of  an  electric  current. 
It  is  the  amount  of  work  done  by  an  electric  current  of  one 
ampere  under  a  pressure  of  one  volt, 
watt-hour :  The  amount  of  work  done  by  a  current  of  one  watt 
acting  for  one  hour. 
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Arid,  sulphuric,  51 
Aerial,  in  radio,  158 
Alexanderson,  141 
Alternating  current,  76,  89,  90 
Ammeter,  use  of,  89 
Ammonium  chloride,  55 
Amperage,  55,  92 
Ampere,  55,  92 
Ampere,  Andre,  6,  185 
Antenna,  in  radio,  150-151,  158 
Armature,  114 
Atoms,  142-144 
Automobile,  30 
self-starter,  57 

Bakelite,  88 
Bar  magnets,  12 
Batteries,  cells  and,  51-66 
use  of,  51-58 

Bell,  Alexander  Graham,  6, 105, 178 
Bell,  electric,  30, 37-38,  57 
operation  of,  37 
Binding  post,  52,  54 
Brushes,  in  electric  motor,  114,  115 
Buzzer,  electric,  57-58 

Cells  and  batteries,  51-66 
dry,  53,  54 
storage,  60-64 
use  of,  57,  58 
voltaic,  52 
wet,  53 


Charge,  induced,  46 
Chemical  action,  52 
Chemical  energy,  52 
Circuit,  53,  55 

Communication,  development  of, 
33-34 

by  means  of  telegraph,  37 
Commutator,  76-77, 114 
Compass,  mariner’s,  18-21 
Crystal  receiving  set,  164 
Current,  electric,  52-55, 83-93,  134, 
144 

cost  of,  92 

flows  through  wire,  84 
induced,  in  electricity,  97-102 
in  magnetism,  69 
kinds  of,  89-93 
alternating,  76,  89,  90 
direct,  62,  89 
variable,  90 
produces  heat,  120-127 
strength  of,  70-71 

Davenport,  Thomas,  112 
De  Forrest,  Lee,  141 
Detector,  in  radio,  151 
Dioxide,  manganese,  54 
Direct  current,  62,  89 

Drv  cell,  53 

* 

Earth’s  poles,  geographic,  18,  21 
magnetic,  18-21 
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Edison,  Thomas  A.,  157,  180-1 84 
Electric  battery,  56 
Electric  bell,  30,  37-38,  57 
operation  of,  37 
Electric  buzzers,  57-58 
Electric  cell,  52-66,  142-143 
Electric  circuit,  53,  55 
Electric  current,  52-59,  83-93,  134, 
144 

produces  heat,  120-128 
Electric  generator,  74-80 
Electric  lamp,  131-137 
parts  of,  132-133 
uses  of,  137 

Electric  motor,  30,  111-118 
parts  of,  114 

Electrical  disturbance,  149 
Electrical  energy,  52 
Electricity,  age  of,  5-7 
conductors  of,  86-87 
frictional,  40-50 
from  the  sky,  43 
how  measured,  91-93 
static,  40-50 
Electrification,  40-50 
negative,  43 
positive,  43 
storing,  47 
Electrodes,  55 
negative,  55 
positive,  55 
Electrolyte,  55 
Electromagnet,  24-31,  97 
behaves  like  bar  magnet,  27-28 
core  of,  27 

for  lifting  heavy  weights,  25 
how  made,  25-26 
poles  of,  29-30 


strength  of,  depends  upon,  26- 
27' 

uses  of,  29-30 
Electrons,  142-144 
Electrophorus,  46^48 
Electroscope,  45-46 

Faraday,  Michael,  6,  186 
principle  of  magnetic  induction, 
67-72 

Field,  Cyrus,  186 

Field  magnet  in  electric  motor, 
114-116 

Filament,  133,  134,  144,  156 
Franklin,  Benjamin,  5,  6,  44-45, 
185 

Frictional  electricity,  40-50 
Fuses,  86,  126 

Galvani,  Luigi,  6,  52, 170-173 
Galvanometer,  68-71,  97 
Generator,  electric,  74-80 
parts  of,  78 
types  of,  76-77 
uses  of,  78 

Gilbert,  Dr.  Wm.,5, 184 
Grid,  in  radio,  157-158 

Henry,  Joseph,  6,  24,  186 
Hertz,  Heinrich,  140-141 
Hertzian  waves,  140 
Horseshoe  magnet,  12 
Hydroelectric  plants,  79-80 
Hydrometer,  to  test  storage  bat¬ 
tery,  63 

Incandescent  lamp,  134 
Induced  charge,  46-47 
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Induced  current,  in  electricity,  97- 
102 

in  magnetism,  69 
Induction  coil,  97,  99 
uses  of,  101 
Insulation,  127 
Insulators,  87 

Key,  in  telegraph,  85 
Kilowatt-hours,  92 
Kinds  of  magnets,  11-13 

Lamp,  electric,  131-137 
uses  of,  137 
incandescent,  134 
Leyden  jar,  47-49 
Lightning,  40,  43,  47 
Lightning  rod,  45 
Lodestone,  11 

Magnetic  induction,  Faraday’s 
principle  of,  67-72 
Magnetic  poles  of  earth,  18 
Magnetism,  value  of,  9-12 
Magnetos,  77,  78 

Magnets,  attract  iron  and  steel,  9, 
10 

discovery  of,  10 
kinds  of, 

artificial,  11,  12 
bar,  12 

electromagnets,  24-31, 113 
horseshoe,  12 
natural,  11,  12 
permanent,  12, 13, 112, 113 
temporary,  12,  13 
poles  of,  15-21 
Manganese  dioxide,  54 


Marconi,  Win.,  139-141 
Mariner’s  compass,  18-21 
Maxwell,  James  Clark,  140 
Microphone,  in  radio,  159 
Molecules,  142 

Morse,  Samuel  F.  B.,  6, 34,  173-177 
Motor,  30,  56,  111-118 
how  made,  116 

Oersted,  Hans  Christian,  6,  24,  185 

Parallel,  cells  connected  in,  56-58 
Poles,  of  earth,  geographic,  18,  21 
magnetic,  18-21 
of  electric  cells,  54 
of  magnets,  15-21 
Post,  binding,  52 
Power  house,  78 
Push  button,  of  doorbell,  85 
of  electric  switch,  86 

Radio,  30,  57 
first,  139-145 

receiving  set,  operation  of,  161— 
168 

waves,  147-152, 159, 165 
Receiver  in  telephone,  106 
parts  of,  107 
Ross,  Sir  James,  21 

Sal  ammoniac,  53, 142, 145 
Self-starter,  57 

Series,  cells  connected  in,  56-57,  58 
Shackleton,  Sir  Ernest,  18,  21 
Short-circuit,  127 
Sound  waves,  148 
Static  electricity,  41 
Storage  battery,  commercial,  62-64 
uses  of,  63,  64 
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Storage  cell,  60-64 
care  of,  64 
how  made,  61 
Sturgeon,  Wm.,  6,  24,  185 
Sulphuric  acid,  51 

used  in  storage  cell,  60 
Switch,  electric,  86 

Telegraph,  30,  33-37,  57-58 
codes,  36,  37 
operation  of,  35,  36 
parts  of,  34 
station,  150-152 
Telephone,  30,  57-58,  105-109 
parts  of,  105-106 
uses  of,  108-109 
Terminal,  negative,  54 
positive,  54 

Thales,  a  wise  man  of  Greece,  5 
Thomson,  Sir  Wm.,  186 
Toepier-tioltz  machine,  48-49 
Transformer,  101-102 


Transmitter  in  telephone,  105,  109 
parts  of,  107 

Vacuum  tubes,  57,  141,  151-152, 
165,  168 

operation  of,  155-159 
Variable  current,  90 
Volt,  55,  91 

Volta,  Alessandro,  6,  52,  170-173 
Voltage,  54,  55,  91,  136 
high,  57 
Voltaic  cell,  52 

Water  power,  78 
Wattage,  136 
Watt-hours,  92 
Watts,  92,  136 
Waves,  light,  148 
radio,  how  produced,  147-152 
sound, 148 
Wet  cell,  53 


